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THE    EFFECTS    OF    PILOCARPINE    AND    ATROPINE 
UPON  THE  AMYLOLYTIC  POWER  AND  COM- 
POSITION OF  THE  SALIVA 

E.  M.  EWING 

From  the  Laboratory  of  Pharmacology,  Department  of  Physiology  and  Pharmacology, 

University  of  Missouri 

Received  for  publication,  June  25,  1911 

A  large  amount  of  experimental  work  has  been  done  to  show 
the  action  of  pilocarpine  and  atropine  upon  the  salivary  secre- 
tion. This  work  has  had  to  do  almost  entirely  with  the  effects 
of  these  drugs  on  the  amount  of  saliva  secreted,  and  the  manner 
in  which  they  produce  these  effects. 

It  is  well  known  that  pilocarpine  in  moderate  doses  produces 
a  profuse  secretion  of  saliva,  while  relatively  small  doses  of  atro- 
pine will  inhibit  the  secretion  entirely;  the  current  theory  being 
that  the  former  stimulates,  and  that  the  latter  paralyzes  the  secre- 
tory nerve  endings  (1),  (2). 

Cushny  (3)  found  that  it  required  only  0.5  mg.  of  atropine  to 
inhibit  the  secretion  of  saliva  caused  by  5  mg.  of  pilocarpine,  the 
ratio  of  strength  being  therefore  about  one  part  of  atropine  to 
ten  parts  of  pilocarpine. 

The  effect  of  atropine  upon  the  formation  of  the  solid  constit- 
uents of  saliva  is  not  so  well  known  as  its  effect  upon  the  volume 
secreted.  Langley  (4)  states  that  after  administration  of  atro- 
pine and  then  stimulation  of  the  chorda,  he  never  saw  in  micro- 
scopic sections  of  the  gland  any  indication  of  the  formation  of 
fresh  substance;  whereas,  without  atropine  a  distinct  outer  pro- 
tein zone  would  have  been  formed. 

It  is  generally  stated  that  pilocarpine  increases  the  total  amount 
of  solids  secreted,  though  not  the  percentage  composition.  Soil- 
man  (5),  in  speaking  of  the  influence  of  pilocarpine  upon  secre- 
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tions  in  general,  says  ''The  total  solids  are  also  increased  (with 
the  volume),  although  their  percentage  is  lessened." 

In  none  of  the  experimental  work  done,  has  any  attempt  been 
made  to  show  what  changes  occur  in  the  amylolytic  power  after 
administration  of  atropine  and  pilocarpine,  and  in  the  composi- 
tion of  the  saHva  after  administration  of  atropine.  It  seemed  of 
interest  to  determine  this,  and  the  experiments  to  be  reported 
were  accordingly  carried  out. 

EXPERIMENTAL 

Technique  of  the  Experiments 

Collection  of  Saliva.  The  reflex  secretion  of  saUva  was  excited 
by  chewing  ordinary  paraffine.  The  collection  was  made  in  the 
morning  before  breakfast,  so  that  the  glands  would  be  in  an 
appoximately  constant  condition  of  rest  before  the  period  of 
secretion.  Dr.  R.  B.  Gibson  alternated  with  me  in  collecting  the 
saliva  for  the  experiments.  The  results  show  the  variations  to 
be  practically  the  same  for  the  two  individuals. 

It  was  intended  to  collect  normal  samples  for  several  days, 
and  then  samples  for  several  days  showing  the  drug  effects,  and 
average  the  two  series  for  comparison.  Table  1  gives  some  re- 
sults obtained  with  this  method.  The  normal  samples,  however, 
showed  such  great  variations  from  day  to  day  that  it  was  decided 
that  no  definite  conclusions  could  be  arrived  at  by  this  method. 
In  the  remaining  experiments  the  saHva  was  collected  in  separate 
samples  for  consecutive  fifteen  minute  periods,  during  the  entire 
time  of  the  secretion,  which  was  usually  of  about  an  hour  and  a 
half  to  two  hours  duration.  Six  or  eight  samples  collected  in 
this  way  served  as  a  control,  and  also  furnished  interesting  re- 
sults concerning  the  normal  variations  in  saUva  during  a  contin- 
uous period  of  secretion. 

For  the  drug  experiments,  normal  saliva  was  collected  for  the 
first  fifteen  minute  period  as  the  control,  a  gelatin  capsule  con- 
taining the  pilocarpine  or  atropine  was  then  swallowed  and  the 
consecutive  collections  of  samples  which  would  show  the  varia- 
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tions  by  the  drug  then  made.  In  this  way  the  time  of  the  maxi- 
mal and  minimal  effects  of  the  drug  could  be  determined;  and  by 
collecting  the  first  sample  as  a  control,  any  error  due  to  change  of 
the  normal  standard  for  amylolytic  power  and  solid  content  dur- 
ing the  last  twenty-four  hours  could  be  eliminated. 

Determination  of  the  Amylolytic  Power.  In  determining  the 
amylolytic  power  of  the  various  samples  of  saliva,  5  cc.  of  filtered 
sahva  were  added  to  150  cc.  of  2  per  cent  starch  paste  prepared 
from  pure  arrow-root  starch ;  the  digestion  was  continued  at  room 
temperature  for  twenty  minutes  and  was  then  stopped  by  the 
addition  of  50  cc.  of  20  per  cent  sodium  carbonate  solution.  This 
method  of  stopping  the  digestion  with  strong  alkali  solution  is 
an  improvement  over  the  usual  method  of  boiling  the  mixture; 
it  is  much  more  convenient,  and  the  exact  time  of  digestion  is 
much  more  accurately  controlled. 

The  amount  of  maltose  produced  was  then  determined  by  Ben- 
edict's (11)  method.  As  Benedict's  formula  was  for  dextrose, 
control  titrations  were  made  with  1  per  cent  maltose  solution,  and 
it  was  determined  that  the  10  cc.  of  copper  sulphate  solution  was 
equivalent  to  approximately  0.115  gram  of  maltose,  the  equa- 
tion for  determining  the  amount  of  maltose  produced  being: 

y  Titration  :  0.115  g  =  100  :  a; 

Determination  of  Total  Solids  and  Ash.  For  the  determination 
of  the  content  in  total  sohds,  the  standard  method  of  drying  in 
low  crucibles  on  the  water  bath  and  then  in  the  air  bath  at  105°, 
was  employed.  The  residue  was  weighed  for  the  total  solids 
then  ashed  and  weighed  again  to  determine  the  content  of  inor- 
ganic solids.  The  difference  between  the  two  results  thus  ob- 
tained was  taken  as  the  content  of  organic  constituents.  A  definite 
quantity,  5  cc.  of  filtered  saliva,  was  used  in  all  these  determina- 
tions for  the  content  in  solids. 

Control  Experiments.  The  variations  in  table  1,  in  sahva  col- 
lected for  a  fifteen  minute  period  on  different  days,  demonstrated 
the  impossibility  of  using  the  normal  results  of  one  day  as  a  con- 
trol for  accurate  drug  effects  on  the  next.     These  variations, 
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though  not  great,  were  enough  to  ehminate  any  definite  conclu- 
sions as  to  the  constancy  of  normal  saliva,  or  of  the  variations 
caused  by  the  drugs.  They  serve,  however,  to  illustrate  the 
changes  in  the  normal  composition  of  saliva  from  day  to  day. 
Thus  in  samples  within  a  period  of  three  days,  the  volume  had 
changed  14  cc,  the  amylolytic  power  130  mg.  of  maltose  pro- 
duced, and  the  content  in  total  solids  0.08  per  cent. 


TABLE    1 


Normal     variations  in  saliva.     Fifteen  minute  collections  over  a    leriod  of  seven 

days 


Date  of  experiment ....  1-7-09  1-10     1-11     1-12     1-13  1-13     1-14  *  1-17  1 1-20 

Subject EE         EiE.E         GG         GJG 

Volume     cubic     centi-  {  | 

meters !    16        21     j    20    |    21         30        21     !    35        30    |   27 

Amylolytic    power; 

gramsmaltose j  0.718  0.676  0.718  0.575,  0.580  0.851  0.234  0.469  0.605 

Total  solids  percent....!  0.46     0.54     0.52     0.48  i  0.54  0.46     0.56     0.54  '0.58 


Organic  solids  per  cent.!  0.34     0.48 
Inorganic    solids    per 
cent 1  0.12     0.06 


0.40  '  0.36 


0.12  I  0.12 


0.38  i  0.38     0.50  i  0.40  iO.48 


0.16     0.08  ,  0  0)     0.14    0.10 


The  results  obtained  from  the  saliva  collected  in  consecutive 
fifteen  minute  periods,  however,  showed  very  little  variation 
throughout  the  period  of  secretion. ^  In  table  2  it  is  seen  that 
the  volume  of  saHva  secreted  per  fifteen  minute  period,  is  approx- 
imately constant  for  the  six  consecutive  periods.  Although  there 
are  slight  increases  and  decreases  in  some  of  the  experiments,  I 
have  found  that  these  changes  tend  to  coincide  with  variations 
in  the  strength  with  which  the  paraffine  was  chewed,  and  that 
even  at  the  last  of  the  longest  experiments  I  could  always  increase 
the  volume  slightly  by  additional  stimulation  of  the  glands  in  this 
way. 

Content  in  Solids.  In  making  up  the  tables  I  have  computed 
not  only  the  normal  variations  in  the  percentage  composition  of 

^  Nine  experiments  were  performed  to  show  normal  variations,  variations  after 
pilocarpine  and  variations  after  atropine,  but  to  avoid  making  the  tables  cumber- 
some, the  results  of  only  three  experiments  from  each  of  the  series  have  been 
given  in  tables  2, 3  and  5.     The  remaining  experiments  showed  the  same  variations. 
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TABLE  2 


Variations  in  normal  saliva .  Samples  collected  in  consecutive  15  minute  periods. 
In  this  and  the  following  tables,  the  solids  for  each  period  (in  grams)  and  the  quan- 
tity per  100  cubic  centimeters  of  saliva  are  given  as  "Amount"  and  "Per  cent," 
respectively 


EXPERIMENT  ANE 
COLLECTOR 

: 

I    CONSECU- 
TIVE 
15-MlNUTE 
1     PERIODS 

VOLI^ME 

Iamylolttic 

1     power     1  total  solids 
grams  mal-    \mount  and 
tose  pro-      percentage 

DDCED 

ORGANIC 
SOLIDS 

INORGANIC 
SOLIDS 

CC. 

grams 

1               1 

45 

0  766/  0.297  ^ms. 

0.207  ^7»s. 

0.09  67«S. 

t 

"'*'''  I  0.66% 

0.467% 

0.20% 

1 

1        2 

40 

0.756  (  0  264 
\  0.66 

0.176 
0.44 

0.08 
0.22 

4.     G \ 

3 

43 

0.746(0  275 
\  0.64 

0.197 
0.46 

0.07 
0.18 

4 

40 

\  0.62 

0.168 
0.42 

0.08 
0.20 

5 

40 

°™(::ir 

0.144 
0.36 

0.08 
0.20 

6 

43 

0.163 
0.38 

0.09 
0.22 

1 

35 

o.«x./o-^ 

0.120 
0.30 

0.032 
0.08 

2 

30 

0«9(0-- 

0.078 
0.26 

0.024 
0.08 

1-     E ^ 

3 

30 

»«»(::r 

0.078 
0.26 

0.024 
0.08 

4 

30 

^    0.479  [O- 

0.078 
0.26 

0.024 
0.08 

5 

30 

0.500  1 

0.102 
0.34 

0.078 
0.26 

0.024 
0.08 

6 

33 

0.522/ 

0.112 
0.34 

0.085 
0.26 

0.026 
0.08 

1 

25 

■    0.756/10  100 
i  0.40 

0.70 
0.28 

0.03 
0.12 

2 

25 

0.766  (0100 
\  0.40 

0.70 
0.28 

0.03 
0.12 

9.     E 

3 

25 

0.766/   0  100 
\   0.40 

0.70 
0.28 

0.03 
0.12 

4 

25 

0.766/   0  100 
\   0.40 

0.70 

0.03 

0.28. 

0.12 

5 

25 

0.766  (   0100 
\   0.40 

0.70 
0.28 

0.03 
0.12 

6 

35 

0  766  /    0  •  154 

0.119 

0.035 

1 
i 

\J  .  1  \J\J    \        ^      ^  . 

\  0.44 

0.34 

0.10 

6  E.    M.    EWING 

the  solid  content,  but  also  the  actual  amount  of  solids  secreted 
during  each  of  the  entire  fifteen  minute  periods.  So  in  the  case 
of  the  volume  of  the  saliva  secreted,  both  the  amount  and  per- 
centage of  total  solids,  seem  to  remain  practically  the  same 
throughout  the  experiments  (table  2).  Any  change  that  occurs, 
is  a  very  slight  diminishing  of  both  amount  and  percentage  com- 
position after  the  first  period  of  secretion.  Practically  the 
same  can  be  said  of  the  amount  and  percentage  of  organic  solids. 
The  amount  and  percentage  of  inorganic  solids  is  constant,  in 
the  successive  periods  (table  2).  The  slight  falling  off  of  total 
solids  is  due,  then,  to  the  change  occurring  in  the  organic  solid 
content. 

Amylolytic  Power.  The  amylolytic  power  also  remains  approx- 
imately constant  throughout  the  periods  of  secretion  (table  2). 
There  may  be  a  very  slight  falling  off  during  one  or  two  of  the 
fifteen  minute  periods,  but  the  amount  of  maltose  produced 
is  usually  just  as  great  for  the  last  period  as  for  the  first. 

Summary  of  Control  Experiments.  From  the  control  observa- 
tions it  seems,  therefore,  that  the  results  obtained  from  a  series 
of  samples  collected  in  consecutive  fifteen  minute  periods,  would 
serve  for  comparison  with  the  drug  variations.  Such  slight 
changes  as  did  occur,  were  entirely  in  accordance  with  the  liter- 
ature— that  the  volume  of  saliva  secreted  varies  to  some  extent 
with  the  strength  of  stimulus  (6),  and  that  there  is  a  decrease  in 
the  per  cent  of  organic  solids  over  a  continuous  period  of  secre- 
tion (7).  The  diminution  of  organic  solids  in  my  experiments, 
however,  was  not  a  gradual  decrease  such  as  Carlson  and  McLean 
obtained  with  the  cat,  but  occurred  in  most  cases  about  the  sec- 
ond fifteen  minute  period  of  secretion,  the  amount  and  percentage 
composition  usually  being  normal  during  the  fifth  and  sixth 
periods.  It  is  apparent,  then,  that  there  is  not  sufficient  variation 
in  the  character  of  the  normal  saliva  in  the  consecutive  periods 
to  need  special  consideration  for  comparison  with  the  decided 
effects  obtained  after  the  administration  of  pilocarpine  and  atro- 
pine. 

Chittenden  and  Richards  (8)  showed  that  the  amylolytic  power 
of  human  saliva  varied  throughout  the  day,  it  being  greater 
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before  meals  than  afterward.  It  must  be  remembered  therefore 
that  all  of  the  present  experiments  were  performed  when  the  secre- 
tion of  the  ptyalin  would  be  at  its  maximum,  i.e.,  before  break- 
fast. 

VARIATION    IN    THE    COMPOSITION    AND    AMYLOLYTIC     POWER    OF 
SALIVA    AFTER    THE    ADMINISTRATION    OF    PILOCARPINE 

Results  Given  in  Table  3 

Volume.  The  well  known  effect  of  pilocarpine  upon  the  volume 
secreted  is  shown  and  need  not  be  discussed  further  except  to 
mention  that  the  maximal  increase  occurred  usually  in  the  third 
period  in  the  case  of  the  smaller  doses  After  the  larger  doses 
the  volume  remained  high  until  the  experiment  was  concluded. 

Content  in  Solids.  The  results  (table  3)  show  that  pilocarpine 
largely  increases  the  actual  amount  of  total  solids  secreted,  but 
that  the  perce7itage  of  total  solids  remains  more  nearly  normal. 
From  the  percentage  variations,  it  seems  that  if  there  is  any 
change  in  the  percentage  composition  for  the  total  solids,  it  is 
rather  an  increase,  and  not  a  decrease  as  stated  by  SoUman.  For 
example,  in  experiment  7,  the  saliva  secreted  during  the  control 
period  contained  0.163  gram  of  total  sohd,  or  0.44  per  cent; 
following  the  administration  of  10  mg.  of  pilocarpine,  the  figures 
for  the  six  consecutive  fifteen  minute  periods  were  0.150  gram 
and  0.50  per  cent;  0.264  gram  and  0.48  per  cent;  0.350  gram  and 
0.50  per  cent;  0.276  gram  and  0.46  per  cent;  0.208  gram  and  0.40 
per  cent;  and  0.180  gram  and  0.40  per  cent.  The  maximum 
effect  upon  the  total  soUd  in  this  experiment,  then,  occurs  in  the 
third  period  after  the  administration  of  the  drug  and  is  coincident 
with  the  maximum  increase  in  the  volume  secreted.  In  the  last 
two  periods,  the  percentage  content  fell  slightly  below  the  normal 
of  the  control  period.  In  experiment  4,  however,  the  per  cent  of 
total  solid  remained  constant  throughout  the  successive  periods, 
the  volume  secreted  having  increased  from  25  cc.  in  the  control 
fifteen  minutes  to  43  cc.  in  the  second  period  after  the  adminis- 
tration of  the  pilocarpine. 
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TABLE  3 


Variations  in  the  saliva  after  administration  of  pilocarpine.     S  imples    collected 
in  consecutive  fifteen-minute  periods;  drug  taken  between  first  and  second  periods 


EXPERIMENT   AND 
COLLECTOR 

CONSECU- 
TIVE 
15-MINUTE 
PERIODS 

VOLUME 

AMYLOLYTir 

POWER 
GRAMS  MAL- 
TOSE   PRO- 
DUCED 

TOTAL    SOLIDS 
AMOUNT     AND 
PERCENTAGE 

ORGANIC 
SOLIDS 

INORGANIC 
SOLIDS 

cc. 

gra^n.i 

4.    E 

1 

(control) 
2 

25 

0.821  1 

0.110  grms. 
0.44% 

0.090  gms. 
0.36% 

0.02  gms. 
0.0  % 

5  mgs.  pilo- 

25 

0.493  1 

0.110 

0.09 

0.02 

carp  in  e 

0.44 

0.36 

0.08 

taken  be- 
tween first  • 

3 

43 

0.821  1 

0.189 
0.44 

0.154 
0.36 

0.034 
0.08 

and  sec- 
ond   p  e- 

4 

41 

0.821  1 

O.ISO 
0.44 

0.147 
0.36 

0.032 
0.08 

riods 

!          5 

35 

0.821  1 

0.154 
0.44 

0.133 
0.38 

0.021 
0.06 

1 

1  (control) 
2 

37 

40 

0.676  1 
0.676  1 

0.222 
0.60 
0.256 
0.64 

0.162 
0.44 
0.184 
0.46 

0.059 
0.16 
0.072 
0.18 

6.     G 

3 

54 

0.676/ 

0  345 
0.64 

0.237 
0.44 

0.108 
0.20 

10     mgs. 
p  i  1  o-c  a  r- 

4 

55 

0.310  1 

0.363 
0.66 

0.253 
0.46 

0.110 
0.20 

pine 

5 

563 

0.310  1 

0.328 
0.62 

0.233 
0.44 

0.095 
0.18 

6 

65 

0.319/ 

0.416- 
0.64 

0.299 
0.46 

0.117 
0.18 

7 

45 

0.287/ 

0.315 
0.70 

0.189 
0.42 

0.126 
0.28 

1 

(control) 

2 

37 
30 

0.442/ 
0.370/ 

0.163 
0.44 
0.150 
0.50 

0.111 
0.30 
0.108 
0.36 

0.051 
0.14 
0.042 
0.14 

7.    E. 

3 

55 

0.348/ 

0.264 
0.48 

0.187 
0.34 

0.077 
0.14 

10     mgs. 
pilo-car- 

4 

70 

0.359/ 

0.350 
0.50 

0.225 
0.36 

0.098 
0.14 

pine 

5 

60 

0.383  / 

0.276 
0.46 

0.192 
0.32 

0.084 
0.14 

6 

52 

0.323  / 

0.208 
0.40 

0.135 
0.26 

0.072 
0.14 

7 

45 

0.255  1 

0.180 
0.40 

0.117 
0.26 

0.0:3 
0.14 
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By  reference  to  the  figures  for  the  organic  and  inorganic  soHds 
it  will  seem  that  these  changes,  i.e.,  an  increase  in  amount  and 
percentage  of  total  solids,  are  due  to  an  increase  in  amount  and 
percentage  of  both  the  organic  and  the  inorganic  constituents. 
The  greatest  variation,  however,  appears  to  occur  in  the  amount 
of  the  organic  sohds  secreted.  These  results  indicate  that  the 
"trophic"  as  well  as  the  ''secretory"  fibers,  or  cell  elements,  are 
stimulated  to  increased  activity  by  pilocarpine. 

Amylolytic  Power.  The  amylolytic  power  of  the  saUva  is  very 
materially  diminished  by  pilocarpine,  a  decrease  occurring  in 
every  experiment  performed  in  spite  of  the  fact  that  the  content 
in  solids  is  maintained.  There  is  no  definite  relation  between 
the  quantity  of  the  drug  taken  and  the  decrease  in  amount  of 
maltose  produced  by  5  cc.  of  the  sahva  employed.  For  instance, 
in  experiment  4  with  a  dose  of  5  mg.  of  pilocarpine  there  was  a 
decrease  of  328  mg.  of  maltose — in  experiment  6  with  10  mg.  of 
pilocarpine  there  was  a  decrease  of  366  mg.  of  maltose — while  in 
experiment  8  after  a  dose  of  13  mg.  of  the  drug,  there  was  only  a 
decrease  of  129  mg.  of  maltose  produced.  Furthermore,  there 
seems  to  be  no  constant  relation  between  the  volume  secreted  and 
the  amylolytic  power.  For  example,  in  experiment  5,  the  normal 
volume  and  amjdolytic  power  were  19  cc.  and  766  mg.  of  maltose, 
respectively,  while  in  the  fourth  period  of  this  experiment  the 
volume  secreted  was  50  cc.  Yet  the  am5dol}i;ic  power  was  again 
normal,  i.e.,  766  mg.  of  maltose  were  obtained. 

In  the  preceding  tables  and  discussion,  only  the  relative  amy- 
lolytic power  of  the  sahva  after  administration  of  atropine  or 
pilocarpine,  as  compared  with  that  of  the  normal  secretion,  has 
been  considered. 

The  same  amount  of  saliva,  5  cc,  was  used  in  each  digestion 
and  the  amount  of  maltose  produced  determined.  As  has  been 
shown,  the  changes  were  very  great,  the  results  indicating  that 
either  the  activity  of  the  ptyahn  was  diminished,  or  what  is  more 
probable,  that  the  actual  amount  of  the  enzyme  secreted  was 
decreased. 

Besides  the  question  of  relative  amylolj^ic  power,  i.e.,  the 
amounts  of  maltose  produced  bj"^  the  same  quantities  of  sahva — 
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there  is  another  point  to  be  considered.  In  the  case  of  a  drug 
like  pilocarpine,  which  increases  the  volume  of  saliva  secreted 
to  such  an  enormous  extent,  would  not  the  amount  of  maltose 
produced  by  the  total  volume  secreted  in  a  given  period  be  greater 
than  that  produced  by  the  normal  saliva  secreted  in  the  same 
length  of  time,  although  the  relative  amylolytic  power  of  the  drug 
saliva  is  less  than  that  of  the  normal  secretion?  To  determine 
this  point,  I  calculated  the  amounts  of  maltose  produced  by  the 
total  volumes  of  saliva  secreted  in  the  various  fifteen  minute 
periods  after  administration  of  pilocarpine,  and  compared  the 
results  with  the  maltose  produced  by  the  total  volumes  of  the 
normal  saliva  secreted  in  the  control  periods.  The  figures  in 
table  3  are  used  as  a  basis  for  the  calculations.  In  interpreting 
the  results,  it  should  be  recalled,  of  course,  that  the  activity  of 
the  ptyalin  may  not  be  increased  in  the  same  ration  as  its  concen- 
tration. 

The  results  in  table  4  show  that  the  total  amount  of  ptyalin, 
as  measured  by  the  quantity  of  maltose  produced  by  the  total 
volumes  of  the  saliva  secreted  in  the  various  fifteen  minute  periods, 
is  greater  after  pilocarpine  than  the  normal  saliva.  In  other 
words,  although  there  is  less  ptyalin  in  a  given  quantity  of  saliva 
after  administration  of  the  drug,  than  in  the  same  amount  of 


TABLE  4 

Variations  in  actual  amount  of  maltose  produced  by  the  total  volumes  of  saliva 
secreted  after  administration  of  'pilocarpine.  The  figures  represent  the  amounts 
of  maltose  which  would  be  produced  by  the  total  volume  of  saliva  collected  in  the 
various  15  minute  periods.  The  results  in  table  3  were  used  as  a  basis  for  calcula- 
tion 


OBAMS  MALTOSE  PRODUCED   BY  TOTAL  VOLUMES   OF  SALIVA   COLLECTED  IN  THE 
BESPECTIVE    15-MINUTB   PERIODS 


EXPERIMENT  AND 
COLLECTOR 


Period  1 


PILOCARPINE 


4.  E 

5.  E 

6.  G 

7.  E 

8.  E 


4.10 
2.91 
5.00 
3.27 
4.05 


mg. 

5 
10 
10 
10 
13 


Period 

Period 

Period 

Period 

Period  ' 

2 

2 

4 

5 

6 

2.46 

7.06 

6.73 

5.74 

4.23 

4.59 

7.18 

7.66 

5.40 

7.30 

3.41 

3.28 

2.29 

2.22 

3.82 

5.02 

4.59 

3.55 

3.28 

6.44 

8.62 

7.01 

7.52 

2.67 
2.29 
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normal  saliva,  the  increased  volume  of  the  secretion  caused  by  the 
drug,  more  than  compensates  the  diminished  formation  or  secre- 
tion of  the  enzyme.  Of  course,  unless  the  effect  upon  the  volume 
is  well  marked,  this  compensation  does  not  occur. 

Summary  to  the  Effects  of  Pilocarpine 

Pilocarpine,  then,  in  doses  of  5  to  13  mg.,  largely  increases  the 
total  amount  of  solids  secreted  along  the  well  known  effect  upon 
volume.  The  percentage  content  of  total  solids,  however,  is  not 
diminished;  on  the  contrary,  the  concentration  is  often  increased 
somewhat,  and  this  increase  involves  expecially  the  organic 
constituents.  The  amylolytic  power  of  the  saliva  is  very  mate- 
rially diminished  in  all  the  experiments  performed  wdth  pilocar- 
pine. There  is  no  constant  relation  observable  between  the  amy- 
lolytic properties  of  the  saliva  and  the  amount  of  pilocarpine 
taken  or  the  volume  of  the  secretion.  Because  of  the  increased 
volume,  however,  the  total  amount  of  ptyalin  secreted  after  pilo- 
carpine is  greater  than  that  normally  obtained.  Inasmuch  as 
the  amylolytic  powers  of  the  saliva  are  markedly  lessened,  while 
the  percentage  content  in  total  soUds  is  maintained  or  increased 
after  pilocarpine,  an  independently  controlled  process  is  suggested 
for  the  elaboration  of  the  ptyaUn. 

VARIATIONS  IN  THE  COMPOSITION  AND  AMYLOLYTIC  POWER  OF  THE 
SALIVA  AFTER   THE   ADMINISTRATION   OF  ATROPINE 

The  same  methods  were  used  with  the  atropine  experiments 
as  in  the  case  of  pilocarpine — a  normal  sample  was  collected  during 
the  first  fifteen  minute  period,  the  atropine  administered,  and 
the  collection  continued. 

Results  Given  in  Table  5 

Volume.  The  usual  decrease  in  the  volume  of  saliva  secreted 
was  obtained,  the  maximal  effect  of  the  atropine  occurring  toward 
the  end  of  the  experiments.  In  some  of  the  experiments  there 
was  not  enough  saliva  secreted  in  the  sixth  and  seventh  periods 
for  analysis. 
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TABLE  5 
Variations  in  the  saliva  after  administration  of  atropine 


AMYLOLYTIC 
rONSECOTIVE  POWEB 

BXPEUIMENT    AND         15  ^,,j,utE         VOLUME  GRAMS  MAL- 
COIiL?:CTOR 


PERIODS 


T08E  PRO- 
DUCED 


TOTAL  SOLIDS 
AMOUNT  AND 
PERCENTAGE 


ORGANIC 
SOLIDS 


1.    E 

0.5  mg. 

at- 

ropme 

taken 

be-  ^ 

tween  firs' 

and  sec- 

ond 

pe- 

riods . 

4.     G 
0.5   mg.   at-  ^ 
ropine. . . 


5.     G 

1  mg.  atro- 
pine  


(control) 
2 

3 

4 

5 

6 


(control) 
2 

3 

4 
5 
6 

7 


(control) 

2 

3 

4 


38 
32 
35 


26 


0.500 
0.410 
0.442 


32    0.425 
32    0.410 


0.495 


55    0.460  V 

55    0.315 

50    0.323 

50 

40 

25 

25 

40 
40 
35 
30 

17 

151 
10/ 


0.359 
0.302 
0.277 
0.359  I 

0.575 
0.575 
0.522 

0.460  I 

/ 


0.410 


0.389 


0.182  fir ws. 

0.48% 

0.128 

0.40 

0.140 

0.40 

0.128 

0.40 

0.128 

0.40 

0.109 

0.42 

0.363 

0.66 

0.308 

0.56 

0.280 

0.56 

0.260 

0.52 

0.250 

0.50 

0.120 

0.44 

0.120 

0.44 

0.26 

0.66 

0.264 

0.66 

0.22 

0.64 

0.174 

0.58 

0.085 

0.50 

0.072 

0.48 


0.136  gms. 

0.36% 

0.089 

0.28 

0.112 

0.32 

0.089 

0.28 

0.089 

0.28 

0.078 

0.30 

0.286 

0.52 

0.220 

0.40 

0.200 

0.40 

0.180 

0.36 

0.128 

0.32 

0.085 

0.30 

0.065 

0.26 

0.192 

0.48 

0.184 

0.46 

0.140 

0.40 

0.114 

0.38 

0.054 

0.32 

0.045 

0.030 


INORGANIC 
SOLIDS 


0.045  gms. 

0.12% 

0.038 

0.12 

0.028 

0.08 

0.038 

0.12 

0.038 

0.12 

0.031 

0.12 

0.077 

0.14 

0.088 

0.16 

0.080 

0.16 

0.080 

0.16 

0..072 

0.18 

0.035 

0.14 

0.040 

0.16 

0.072 

0.18 

0.080 

0.20 

0.084 

0.24 

0.060 

0.20 

0.030 

0.18 

0.27 

0.18 


Note.     In  the  last  two  experiments  the  saliva  collected  in  periods  6  and  7, 
because  of  the  small  volumes,  was  combined  for  analysis. 


EFFECTS    OF   PILOCARPINE   AND   ATROPINE  13 

Content  in  Solids.  There  is  a  marked  decrease  in  the  total 
amount  of  the  sohds  secreted  after  atropine,  the  quantity  diminish- 
ing steadily  as  the  experiment  progresses  (table  5).  The  percent- 
age of  the  total  solids  in  the  saliva  is  not  increased;  there  is,  in 
fact,  a  tendency  for  the  per  cent  of  soUds  to  be  diminished  and  in 
two  experiments  (4  and  5),  there  is  a  distinct  fall.  For  instance, 
in  experiment  4,  the  total  solids  secreted  for  the  control  period 
were  0.363  gram  in  a  concentration  of  0.66  per  cent;  subsequent 
to  the  administration  of  0.5  mg.  of  atropine,  the  figures  fell  for  the 
successive  periods  as  follows;  0.308  gram  and  0.56  per  cent; 
0.280  gram  and  0.56  per  cent;  0.260  gram  and  0.52  per  cent; 
0.200  gram  and  0.53  per  cent;  and  0.120  gram  and  0.54  per  cent. 
In  the  same  experiment,  the  volume  for  the  content  period  was 
55  cc,  and  in  the  following  periods  55  cc,  50  cc,  50  cc,  40  cc. 
and  25  cc.  It  will  be  noted  that  lowering  of  the  percentage  con- 
tent in  solids  is  much  more  pronounced  for  subject  G  (experiments 
4  and  5),  whose  saliva  is  characterized  by  a  high  normal  content  in 
solids  than  in  the  other  experiments  (subject  E). 

The  figures  for  the  variations  in  inorganic  solids,  show  the  per- 
centage composition  of  the  inorganic  constituents  to  be  fairly 
constant  or  even  sUghtly  increased,  so  that  any  decrease  in  the 
per  cent  of  total  sohds  must  be  due  in  large  part  to  a  diminishing 
of  the  organic  constituents.  This  is  shown  where  the  amount 
and  percentage  of  organic  solids  decrease  along  with  the  total 
solids.  In  experiments  4  and  5,  the  amount  and  percentage  of 
organic  constituents  were  still  on  the  decUne  at  the  end  of  the 
period  of  secretion,  while  in  some  of  the  others  the  content  is 
more  nearly  normal  about  the  sixth  period. 

Amylolytic  Power.  The  amylolytic  power  of  the  sahva  is  mark- 
edly diminished,  after  atropine,  the  maximal  decrease  usually 
occurring  about  the  second  period  after  administration  of  the 
diug.  In  the  majority  of  the  experiments  there  is  a  tendency  for 
the  amylolytic  activity  to  increase  towards  the  fifth  or  sixth 
periods,  as  though  the  drug  effect  had  worn  off.  It  is  seen  that 
(table  5)  although  the  amylolytic  power  has  returned  to  almost 
normal  in  the  later  periods,  the  volume  secreted  and  the  content 
in  solids  show  that  the  drug  is  still  acting. 


14  E.    M.    EWING 

Summary  of  Effects  of  Atropine 

These  experiments  with  atropine,  then,  show  the  well  known 
decrease  in  the  volume  of  the  saliva  secreted.  Furthermore,  the 
drug  has  an  inhibiting  influence  upon  the  formation  or  secretion 
of  the  content  in  total  solids  and  the  ptyalin.  Since  the  amy- 
lolytic  powers  are  usually  recovered  while  the  volume  and  content 
in  total  solids  is  still  influenced  by  the  atropine,  a  selective  action 
of  the  drug  here,  as  with  pilocarpine,  is  suggested. 

To  just  what  physiological  action  of  the  drug  these  variations 
are  due,  is  a  question  to  be  determined.  Barcroft  (9)  has  shown 
that  atropine  exerts  a  marked  influence  upon  the  oxygen  intake 
of  the  salivary  glands;  Matthews'  (10)  experiments  on  the  star- 
fish and  sea-urchin  embryos,  point  to  the  fact  that  atropine  re- 
tards the  oxidative  decomposition  of  protoplasm.  It  seems  prob- 
able, therefore,  that  the  diminution  which  I  have  shown  in  the 
secretion  of  the  saliva  after  atropine,  is  due  to  a  retarding  of  the 
oxidative  metabolic  processes  which  take  place  within  the  secre- 
tory cells. 

GENERAL   DISCUSSION 

Langley  (1)  and  Marshall  (2)  have  concluded  that  the  antago- 
nism of  atropine  and  pilocarpine  is  physiological,  i.e.,  a  question  of 
affinity  shown  by  the  tissues  for  one  drug  or  the  other. 

In  applying  Matthews'  (10)  results,  showing  that  pilocarpine 
hastens,  and  that  atropine  retards,  the  development  of  embryos, 
to  the  secretion  of  saliva,  it  seems  that  any  increase  or  decrease 
in  activity  of  the  salivary  cells  after  pilocarpine  or  atropine,  is 
due  to  an  increase  or  decrease  in  the  oxidative  decomposition  of 
the  cell  protoplasm. 

Whether  the  nerve  endings  or  the  cells  themselves,  are  acted 
upon  by  the  drugs,  is  at  present  undecided,  although  most  phys- 
iologists have  accepted  the  former  theory. 

The  results  in  the  present  paper  are  what  would  naturally  be 
expected  when  working  with  two  sets  of  drugs  as  pilocarpine  and 
atropine.  Atropine  exerted  an  inhibitory  influence  upon  the  for- 
mation or  activity  of  all  the  properties  of  the  saliva  which  were 
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considered.  Pilocarpine,  with  the  exception  of  its  effect  upon  the 
amylolytic  power  of  the  sahva,  had  a  stimulating  action  upon  the 
formation  of  these  same  components.  It  must  be  remembered 
that  the  conclusion  that  pilocarpine  reduces  the  amylolytic 
power  of  saliva  is  the  result  of  the  comparison  of  the  same  amounts 
of  normal  saliva  and  pilocarpine  saliva.  It  is,  therefore,  a  reduc- 
tion in  the  relative  or  percentage  content  of  ptyalin.  As  has  been 
stated,  because  of  the  great  increase  in  volume  after  pilocarpine, 
the  total  quantity  of  ptyalin  present,  more  than  compensates 
for  the  percentage  decrease  due  to  dilution. 

The  fact  that  the  two  drugs  have  opposite  effects  upon  the 
other  properties  of  saliva,  while  both  decrease  the  amylolytic 
power,  though  to  a  different  degree,  brings  out  the  point  already 
mentioned^ — that  the  secretion  of  ptyalin  seems  to  be  entirely 
independent  of  the  formation  of  any  other  components  of  the 
saliva. 

I  have  pointed  out  that  the  amylolytic  power  has  no  definite 
relation  to  the  volume  secreted.  The  additional  fact  that  the 
amylolytic  activity  is  diminished,  both  when  the  solids  are  in- 
creased and  when  decreased,  justifies  the  conclusion  that  the 
formation  of  ptyalin  is  independent  of  the  other  salivary  con- 
stituents. 

The  action  of  atropine  and  pilocarpine  upon  the  amylolytic 
power  seems  also  to  be  of  different  duration  from  the  effect  upon 
the  other  constituents  of  the  saliva.  In  many  of  the  experiments 
with  both  drugs,  the  amount  of  maltose  produced  has  again 
reached  the  level  at  a  time  when  the  volume  and  percentage  of 
solids  still  show  great  variations. 

In  these  experiments,  only  therapeutic  doses  of  the  pilocarpine 
and  atropine  were  taken,  but  as  the  smallest  and  largest  doses 
causes  practically  the  same  variations,  the  results  may  be  consid- 
ered as  characteristic  of  the  physiological  effects  of  the  two  drugs. 
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CONCLUSIONS 

1.  The  volume  of  the  normal  saliva,  its  amylolytic  power, 
and  the  amount  and  percentage  composition  of  solids  secreted, 
remain  approximately  constant  during  a  continuous  period  of 
secretion  of  six  or  eight  fifteen  minute  periods.  If  there  is  any 
change,  it  is  a  very  slight  falling  off  of  the  percentage  composi- 
tion of  organic  solids,  and  at  times,  of  the  amylolytic  power. 

2.  Pilocarpine  reduces  the  relative  amylolytic  power  of  the 
normal  saliva  from  30  to  60  per  cent.  Although  the  relative 
amylolytic  power  of  the  saliva  is  much  diminished  by  pilocarpine, 
the  amount  of  maltose  produced  in  the  total  volume  of  saliva 
secreted  in  a  given  period,  after  the  administration  of  this  drug, 
is  greater  than  that  produced  by  the  amount  of  normal  saliva 
secreted  in  the  same  length  of  time.  ^^The  efficiency"  of  the 
secretion  is  therefore  increased  by  pilocarpine. 

3.  Pilocarpine  increases  the  amount  and  tends  to  increase  the 
percentage  of  both  the  organic  and  inorganic  solids  of  the  saliva; 
the  greatest  increase  is  in  the  organic  constituents,  however. 
Any  percentage  increase  of  the  solids  is  not  nearly  so  great  as  the 
increase  in  the  actual  amount  secreted. 

4.  Atropine  diminishes  the  amylolytic  power  of  the  saliva  from 
15  to  30  per  cent. 

5.  Both  the  amount  and  percentage  composition  of  total  solids 
secreted  are  greatly  diminished  by  atropine.  The  decrease  is  in 
the  organic  constituents. 

6.  Pilocarpine  and  atropine  affect  the  factors  which  influence 
both  the  "trophic"  and  "secretory"  elements  of  the  saliva. 

7.  The  effect  of  pilocarpine  and  atropine  upon  the  secretion, 
or  activity  of  the  ptyalin  of  the  saliva,  bears  no  definite  relation 
to  the  action  of  these  drugs  upon  the  other  physico-chemical 
properties  of  the  secretion. 

I  desire  to  thank  Dr.  R.  B.  Gibson  who  has  aided  and  directed 
me  in  my  work. 
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INTRODUCTION 

The  effects  of  caffein  on  the  circulation  have  considerable 
interest,  practical  as  well  as  theoretical.  They  have,  accordingly 
been  the  subject  of  numerous  investigations.  Unfortunately — 
as  is  so  often  the  case — the  results  and  conclusion  of  the  investi- 
gators have  been  far  from  uniform — in  fact,  they  appear  to  be 
flatly  contradictory.  Our  own  researches  were  undertaken  in 
the  hope  that  the  confusion  might  be  cleared  away  by  a  somewhat 
more  extensive  study,  comprising  a  sufficient  number  and  espe- 
cially a  sufficient  variety  of  experiments.     This  hope  has  been 

1  This  investigation  was  started  at  the  request  of  the  Bureau  of  Chemistry  of 
the  Department  of  Agriculture  of  the  United  States. 
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largely  realized,  we  believe.  Our  results  show  that  the  actions 
of  caffein  are  rather  complex,  and  therefore  subject  to  consider- 
able variation  according  to  experimental  conditions,  and  these 
conditions  account  fully  for  the  existing  contradictions.  These 
factors  may  be  analyzed,  and  their  proper  interpretation  clears 
up  the  entire  subject.  When  they  are  understood,  it  is  easy  to 
reproduce  all  the  apparently  contradictory  results  which  have 
been  recorded. 

Our  experiments  were  made  mainly  on  dogs,  under  mor- 
phine-anesthesia (20  mg.  per  kg.),  supplemented  by  ether  during 
the  operation,  and  generally  by  curare.  Some  cats  were  also 
used,  with  morphine-atropin-ethylcarbamate  narcosis.  The 
present  report  covers  the  records  of  about  three  hundred  injec- 
tions, made  on  twenty-nine  animals.  The  injections  were  always 
made  intravenously  (generally  into  the  femoral  vein),  using  a 
1  per  cent  solution  of  free  caffein  in  normal  saline  solution.  The 
doses  throughout  these  papers  must  be  understood  as  milligrams  of 
free  caffein  per  kilogram  hodyweight. 

Two  of  the  most  important  complicating  factors  are,  natur- 
ally, the  dosage  of  the  drug,  and  the  time  of  its  sojourn  in  the 
circulation.  In  order  to  appreciate  these  factors,  we  followed 
the  general  plan  of  making  successive  injections  (into  the  femoral 
vein)  of  2,  then  3,  then  5,  10,  20,  etc.,  mg.  of  caffein  (per  kilo  of 
body  weight)  waiting  between  the  injections  until  the  phenomena 
had  settled  down  to  a  constant.  In  this  way,  two  series  of  events 
could  be  studied:  1,  the  immediate  effects  of  single  injections, 
and  their  modification  by  repeated  injections;  and  2,  the  more 
sustained  effects  of  increasing  doses. 

We  shall  first  present  the  study  of  these  sustained  effects  since 
they  are  perhaps  more  characteristic  of  caffein,  and  are  of  greater 
practical  importance.  For  the  sake  of  clearness,  however,  it 
may  be  well  to  outline  the  main  acute  effects  briefly  in  this  place 
(see  figs.  1  and  2) : 

As  the  injection  enters  the  vein,  there  is  a  slight  (cardiac)  rise 
of  blood  pressure,  of  5  or  10  mm.  Immediately  after  this,  the 
pressure  falls  sharply,  and  then  recovers  almost  as  suddenly. 
The  final  level  of  pressure — which  may  be  above  or  below  the 
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normal — is  thus  attained  in  a  very  few  minutes,  but  when  the 
injections  were  repeated,  at  least  ten  minutes  were  generally 
allowed  for  this  adjustment. 


FIG.    1.      EFFECTS    OF    CAFFEIN    ON  RESPIRATION    AND    BLOOD     PRESSURE     (EXPERI- 
MENT C,    110-1) 

Injection  of  16.5  mg.  of  caffein  per  kg.  (vagi  divided).  Upper  tracing,  res- 
piration from  tambour  connected  with  trachea,  with  open  side-tube.  Middle 
tracing,  carotid  pressure  tracing  by  Harvard  membrane  manometer.  Lower 
tracing  mean  pressure  by  damped  mercury  manometer.  The  signal  line  in  all 
the  figures  represents  zero  pressure  of  the  mercurial  manometer. 

All  the  tracings  are  reduced  to  about  f  natural  size.  They  read  from  left 
to  right,  the  drum  moving  about  17  mm.  per  minute. 
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PERMANENT  EFFECTS  ON  THE  BLOOD  PRESSURE 

The  blood  pressure  data  were  plotted  from  the  tracings.  Fig. 
3  presents  a  composite  of  these  curves  from  all  the  caffein  experi- 
ments. It  will  be  seen  that  the  effects  are  surprisingly  uniform. 
This  is  brought  out  still  more  strikingly  by  the  average  curves 
shown  in  fig.  4. 

Experiments  starting  with  normal  .  blood  pressure  (fig.  4, 
Curves  I  a  and  6) :  With  doses  of  caffein  up  to  20  mg.  the  perma- 


i;iLte  -cz: 


FIG.  2.      EFFECTS  OF  CAFFEIN  ON    SPLEEN-VOLUME    (UPPER    TRACING),    AND    MEAN 
BLOOD   PRESSURE    (EXPERIMENT  C,    134) 

Ten  milligrams  of  caffein  after  a  preceding  injection  of  10  mg.     (The  Roman 
numerals  indicate  the  successive  stages  of  the  action,  as  explained  in  Paper  V). 


nent  effects  are  rather  variable,  but  generally  small  (fig.  3) .  Some- 
what less  than  half  the  experiments  show  a  slight  permanent 
rise,  usually  less  than  15  mm.  In  the  most  of  the  remaining 
experiments  the  pressure  remains  about  level,  but  a  few  show  a 
fairly  severe  fall,  so  that  the  means  of  all  the  experiments  show  a 
fall  of  about  5  mm.  (fig.  4).     When  the  dose  exceeds  20  mg.  the 
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pressure  begins  to  decline  progressively  with  each  additional 
dose.  The  fall  is  fairly  rapid,  until  the  pressure  reaches  the  level 
of  50  to  70  mm.,  requiring  a  dosage  of  125  to  300  mm.  The  blood 
pressure  then  remains  almost  constant,  notwithstanding  further 
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FIG.   3.      COMPOSITE  CURVE  OF  BLOOD  PRESSURE  IN  THE  CAFFEIN  EXPERIMENTS 

+  denotes  that  the  animal  died  after  the  injection. 


doses  of  caffein  (even  up  to  800  mg.  per  kg.)  until  the  approach 
of  death,  when  there  is  a  sudden  further  fall.  In  uncompUcated 
experiments  a  fall  of  pressure  below  50  mm.  generally  means  that 
the  next  dose  will  be  fatal. 
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In  the  majority  of  these  experiments,  both  vagi  were  divided 
before  the  eaffein  was  injected.  Many  of  the  animals  were  also 
under  the  influence  of  curare.  All  the  curves,  however,  corre- 
spond closely  to  the  average.  Four  experiments  were  made  on 
cats,  and  these  also  show  the  same  phenomena. 


m 
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FIG.  4.       AVERAGE   CURVES   OF   BLOOD   PRESSURE   UNDER  CAFFEIN 

Curve  I  (heavy  line)  presents  the  mean  height  of  blood  pressure  under  eaffein 
for  all  experiments  in  which  the  original  pressure  was  normal,  i.e.,  between  100 
and  150  mm.  Curve  a  shows  the  upper  range  and  curve  b  the  lower  range,  in  these 
experiments,  after  eliminating  about  10  per  cent  of  the  extreme  numbers  in  both 
directions.  With  low  initial  blood  pressures,  two  distinct  types  of  curves  occur, 
shown  as  //  and  III.  The  curve  when  the  initial  pressure  is  at  "shock"  level  is 
shown  in  IV. 
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There  are  therefore  two  critical  points  in  the  caffein  curve: 
The  first  corresponding  to  the  start  of  the  fall  of  blood  pressure, 
generally  with  doses  of  20  mg.;  the  second,  when  the  pressure 
reaches  the  level  of  50  to  70  mm.,  generally  corresponding  to  a 
dosage  of  about  150  mg.  per  kg.,  but  largely  independent  of  the 
dose. 

Persistent  rise  of  blood  pressure  under  caffein.  Whilst  doses  of 
caffein  above  20  mg.  per  kg.  lower  the  general  blood  pressure 
markedly,  and  fairly  constantly,  smaller  doses  in  general  tend  to 
produce  a  slight  rise  (see  figs.  1  and  2). 

The  records  of  27  animals  show  that: 

In  sixteen  the  blood  pressure  did  not  rise  permanently,  at  least  not 
more  than  5  mm.  In  eleven  there  was  some  rise.  In  eight  of  these, 
the  rise  was  only  between  8-20  mm.,  averaging  13^  mm.  In  three, 
the  rise  was  more  marked,  but  according  to  the  records,  these  are  evi- 
dently explained  by  accidental  causes  or  indirect  actions,  such  as  con- 
vulsive phenomena;  or  the  onset  of  recovery  from  asphyxia.  They  are 
so  exceptional,  that  they  do  not  merit  further  discussion. 

Experiments  with  low  initial  blood  pressure.  These  have  been 
included  in  the  general  summary,  but  deserve  additional  separate 
discussion.  Reference  to  figs.  3  and  4  will  show  that  they  tend 
to  three  distinct  types.  These  may  be  better  understood  by  the 
explanation  of  the  individual  experiments,  as  plotted  in  fig.  5. 

In  Experiment  C,  123,  the  vasomotor  center  was  destroyed  by  sec- 
tion and  pithing;  there  was  considerable  hemorrhage.  The  caffein 
caused  no  rise  (except  the  mechanical  rise  at  the  moment  of  injection) ; 
on  the  contrary,  the  blood  pressure,  fell  steadily  from  55  to  30  mm. 
(total  dose,  175  mg.)  when  death  occurred  by  cardiac  paralysis. 

In  the  other  seven  experiments,  the  low  pressures  occurred  spon- 
taneously, apparently  through  partial  asphyxia.  In  two  of  these 
(C,  136  and  137),  the  course  is  the  same  (type  III)  as  with  intentional 
destruction  of  the  vasomotor  center,  the  pressure  remaining  about  the 
50  mm.  level.  In  three  others  (C,  115,  128  and  145)  the  pressure  recov- 
ered partly  under  the  smaller  doses  of  caffein,  to  follow  the  usual  curve 
under  the  influence  of  larger  doses  (type  II).  In  at  least  one  of  these 
(C,  115),  respiration  was  also  markedly  improved;  small  doses  of  caffein 
are  evidently  capable  of  restoring  the  medullary  centers  when  they  are 
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merely  depressed  rather  than  paralyzed.  In  two  experiments  with 
low  pressure,  below  50  mm.,  the  caffein  had  practically  no  effect  in 
either  direction. 

The  blood  pressure  plateau.  Figs.  3  and  4  show  that  large  doses 
of  caffein  eventually  lower  the  blood  pressure  to  a  level  of  between 
50  and  65  mm.  which  pressure  is  then  maintained  practically 
constant,  no  matter  how  much  additional  caffein  may  be  admin- 
istered, until  death  supervenes.  In  other  words,  the  blood  pres- 
sure action  of  caffein  seems  to  be  completed  when  this  level  is 
attained.     This  phenomenon  will  be  discussed  later. 


feinttf.x.)cf. 


FIG.  5.   EFFECTS  OF  CAFFEIN  ON  LOW  BLOOD  PRESSURE 

The  numbers  correspond  to  the  experiments.  The  curves  corresponding  to 
type  III  are  drawn  in  solid  lines  (experiment  123,  heavy);  type  II  in  broken 
lines,  type  IV  dotted.    See  text. 

Blood  pressure  with  cardioplethy sinograms.  Since  the  above 
was  written,  one  of  us  (Pilcher)  has  made  a  series  of  fifteen  exper- 
iments with  cardioplethysomgraphs,  involving  the  opening  of  the 
thorax  and  the  use  of  curare  and  artificial  respiration.  The  heart 
was  therefore  working  under  unfavorable  conditions,  and  the 
pressure  often  falls  more  rapidly  and  death  occurred  with  rela- 
tively small  doses — usually  about  140  mg.  or  below.  The  gen- 
eral course  of  the  blood  pressure  is  typical;  the  average  curve 
approaching  closely  to  the  line  I  h  in  fig.  4. 

Blood-pressure  results  of  previous  investigations.  The  state- 
ments concerning  the  effects  of  caffein  on  blood  pressure,  as  found 
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in  the  literature,  appear  highly  confusing;  but  a  critical  examin- 
ation of  the  pubhshed  data  shows  that  this  confusion  is  simply 
due  to  the  fact  that  diiferent  investigators  have  centered  their 
attention  mainly  on  one  or  the  other  of  the  phases  or  doses  of 
caffein.  Indeed,  their  actual  results^  support  the  following  con- 
clusions which  are  in  satisfactory  agreement  with  the  typical 
effects  as  we  have  described  them,  namely: 

Intravenous  injection  causes  an  acute  and  fairly  severe  primary 
fall.  This  fall  does  not  occur  if  the  level  of  blood  pressure  is  low 
(Swirski,  '04).  With  ordinary-  blood  pressure  and  ordinary  doses, 
this  fall  is  usually  30  to  40  mm.  and  is  promptly  followed  by  par- 
tial, complete,  or  excessive  recovery.  If  large  doses  are  injected 
very  rapidly,  the  fall  may  be  greater  and  proceed  to  death  (Au- 
bert,  '72).  The  fall  does  not  occur  on  hypodermic  administra- 
tion (Phillips  and  Bradford,  '87;  and  Reichert,  '90,  describe  a 
fall  after  very  large  doses,  hypodermically,  ^but  this  corresponds 
to  the  ordinary  late  fall).  Schroeder,  '8lf  describes  fall  after 
intraperitoneal  injection  of  40  mg.'  per  kilot 

Secondary  rise.  Moderate  doses  (to  20  or  40  mg.  per  kg.) 
usually  produce  a  slight  secondary  rise  10  to  20  mm.  above  the 
original  level.  This  rise  may  be  larger  (60  mm.),  if  the  animal 
struggles  (Leven,  '68)^  or  if  the  vasomotor  center  has  been 
depressed  (Binz,  '78)^  or  if  the  animal  is  in  poor  condition 
(Vinci,  '95)  .^   Large  doses — from  40  mg.  upward — cause  progressive 

*Leven,  '68;  Aubert,  '72;  Binz,  '78;  Wagner,  '85;  vdh  Schroeder,  '86  and  '87? 
Phillips  and  Bradford,  '87;  Reichert,  "90;  Vinci,  '95;  B(lHi,  '00;  Gottlieb  and  Mag- 
nus, '01;  Santesson,  '02;  Swirski,  '04;  Loewi,  '05.  The  references  will  be  found 
at  the  end  of  tlie  last  paper. 

'The  doses  in  the  literature  refer  sometimes  to  absolute  caffein,  sometimes  to 
citrated  caffein,  etc.    We  shall  always  state  them  in  terms  of  absolute  caffein. 

*Leven,  '68;  0.5  gm.  per  animal,  hypodermic;  rise  of  20  to  60  mm.;  i.e.,  the 
ordinary  rise  from  moderate  doses;  rather  larger  than  usual;  perhaps  from 
struggling  under  incomplete  anesthesia. 

^Binz,  '78:  100  mg.  hypodermic,  after  alcohol:  rise  of  40  mm.  (ordinary  rise, 
reinforced  by  passage  of  narcosis). 

*  Vinci,  '95 :  10  to  30  mg.  per  kg.,  vein  and  hypodermic :  constantly  a  very  slight 
.rise  (typical,  except  the  constancy).  In  animals  weakened  by  repeated  hemor- 
rhages (but  with  blood  pressure  still  fairly  high),  the  caffein  rise  is  much  greater; 
it  is  also  increased,  but  to  a  lesser  degree,  after  inanition.  This  dosage  had 
the  optimum  effect. 
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fall  of  blood  pressure  (Reichert,  '90);^  but  the  pressure  maintains 
itself  about  70  mm.  till  death. 

The  influence  of  destruction  or  paralysis  of  the  vasomotor  center 
has  been  extensively  investigated  in  the  hope  of  throwing  light 
on  the  caffein  rise.  Whenever  the  blood  pressure  was  very  low, 
it  was  found  that  the  permanent  rise  from  moderate  doses  is  more 
uncertain,  but  a  rise  may  occur  after  section  of  the  medulla  (Rei- 
chert, '90;  Swirski,  '04);  and  also  after  division  of  the  splanchnic 
nerves  (Phillips  and  Bradford,  '87).  This  shows  that  the  rise 
is  due,  mainly  at  least,  to  cardiac  stimulation  (Swirski  attributes 
it  to  stimulation  of  the  spinal  centers,  but  as  we  shall  see,  the 
oncometer  supports  the  cardiac  explanation). 

The  more  frequent  absence  of  rise  after  large  doses  of  chloral 
(Wagner,  '85;  von  Schroeder,  '86) ;  the  occasional  failure  in  shock; 
and  the  lesser  rise  after  arsenic  (Pearce,  Hill  and  Eisenbrey,  '10), 
does  not  prove  that  the  ordinary  rise  is  vasomotor,  although  it 
was  so  interpreted,  for  instance  by  Wagner;  for  it  could  be  ex- 
plained by  injury  to  the  heart,  direct  or  indirect;  or  by  the  gen- 
eral interference  of  low  blood  pressure  with  all  kinds  of  circulatory 
reactions,  as  will  be  explained  in  our  second  paper. 

On  the  other  hand,  the  occasionally  greater  rise  from  a  low 
blood  pressure — as  observed  by  Santesson,  '02,  and  in  our  type 
II — may  be  explained  by  recovery  of  the  vasomotor  center,  to 
which  caffein  may  contribute  materially. 

EFFECT  OF  CAFFEIN  ON  THE  HEART-RATE 

The  heart-rate  per  10  seconds,  was  counted  by  a  stop-watch. 
As  the  majority  of  our  experiments  were  made  with  divided  vagi, 
we  shall  first  discuss  these  results. 

Acute  changes  in  heart-rate.  We  shall  again  confine  ourselves 
for  the  present  to  the  more  persistent  changes,  but  will  premise 
that  the  quickening  is  temporarily  greater  immediately  after 
the  injection  of  caffein.     Thus,  in  the  average  of  fourteen  injec- 

^ Reichert,  '90:  25  to  60  mg.  per  kg.,  jugular  vein:  typical  (primary)  fall,  recov- 
ers or  insignificant  rise;  large  doses,  marked  fall;  35  to  100  mg.  per  kg.,  hypodermic: 
progressive  fall. 
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tions  in  which  the  successive  changes  were  recorded,  the  rate  rose 
from  39  before  injection,  to  45^  immediately  after,  to  return  to 
40|  a  few  minutes  later.  This  maximum  rate  often  coincides 
with  the  fall  of  blood  pressure,  but  this  is  probably  accidental, 
as  the  relation  between  blood  pressure  and  rate  is  not  constant. 


FIG.    6.      CURVES  OF  HEART-RATE  UNDER  CAFFEIN,  VAGI  DIVIDED:  TYPE  I 
FIG.   7.      CURVES  OF  HEART-RATE  UNDER: CAFFEIN,  VAGI  DIVIDED  :  TYPE  II 


Heart-rate  with  vagi  divided.  The  coimts  of  twenty  experiments 
were  charted.  The  average  initial  heart  rate  in  these  experi- 
ments was  27  per  10  seconds,  or  162  per  minute.  The  curves 
can  be  divided  fairly  sharply  into  two  groups  (figs.  6  to  8).     In 
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type  I,  which  is  the  larger  group,  the  rate  increased  rapidly  with 
each  successive  dose  of  caffein.  In  type  II,  the  increase  is  much 
smaller. 


FIG.  8.      AVERAGE  CURVES  OF  HEART-RATE,   VAGI  DIVIDED 
FIG.   9.      EFFECTS    OF   CAFFEIN   ON   HEART-RATE    (vAGI    INTACt) 

The  upper  curves  belong  to  type  I,  the  lower  to  type  II.  The  heavy  lines 
are  the  mean  curves,  the  light  lines  correspond  to  the  extremes.  The  individual 
data  are  indicated  by  dots  for  type  I,  by  crosses  for  type  II. 


All  the  curves  of  type  I  are  very  similar,  although  the  individual 
curves  often  show  temporary  irregularities.  The  average  curve 
may  therefore  be  taken  as  representative:  Starting  with  the 
average  initial  rate  of  30  per  10  seconds,  the  rate  increases  rapidly 
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and  progressively  with  each  dose,  until  about  80  or  100  mg.  have 
been  injected.  Beyond  this,  the  rate  is  variable,  on  account  of 
arythmia,  but  the  average  rate  would  remain  about  the  same. 
The  numerical  increase  and  .the  percentage  increase  averages  as 
follows  for  the  successive  doses: 


- 

DOSE   OF  CAFTKIN 

HEABT-RATE 

NTTKEBICAI.  INCREASE 

PEBCEMTAQE  INCREASE 

mg.  per  kg. 

per  10  sec. 

0 

30 

2 

32 

2 

7 

5 

34 

4 

13 

10 

36 

6 

20 

20 

37 

7 

23 

60 

43 

13 

43 

100 

47 

17 

57 

150 

48 

18 

60 

The  curves  of  type  II  run  a  much  less  regular  course.  The  most 
constant  featiure  is  the  much  smaller  and  more  gradual  effect,  as 
shown  by  the  following  averages: 


DOSE  OF  CAFFEIN 

HEABT-RATE 

NXniERICAL  INCREASE 

PERCENTAGE  INCREASE 

0 

20 

5 

20 

.0 

0 

20 

22 

2 

10 

60 

23 

3 

15 

100 

25 

5 

25 

200 

30 

10 

50 

300 

28 

8 

40 

500 

20 

0 

0 

The  heart  rate  in  this  group  does  not  begin  to  increase  mate- 
rially until  the  dosage  of  40  mg.  is  reached.  At  100  mg.  when  type 
I  has  reached  its  maximum  rate  (57  per  cent),  type  II  has  increased 
only  25  per  cent,  its  own  maximum  (50  per  cent)  being  attained 
at  200  mg.  The  difference  in  the  numerical  values  is  even  mor6 
striking  than  that  in  the  percentage  value. 

Factors  which  influence  the  response  of  the  heart-rate.  Fig.  8 
shows  very  strikingly  that  the  effect  is  influenced  by  the  initial 
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heart-rate :  In  all  the  curves  of  type  I,  the  initial  rate  was  above 
25,  whilst  it  was  below  25  in  all  but  one  of  type  II  (and  this  excep- 
tional experiment — 130  should  scarcely  be  counted,  since  the 
blood  pressure  was  only  30  mm.).  In  other  words,  caffein  causes  a 
much  greater  quickening  {even  percentile)  in  hearts  which  have  natur- 
ally a  more  rapid  rate. 

The  level  of  the  blood  pressure  has  apparently  no  influence  on 
the  phenomena,  for  high  and  low  blood  pressure  are  fairly  evenly 
distributed  between  the  two  types.  Muscular  phenomena  also 
seem  to  be  without  influence  on  the  heart-rate  (in  these  experi- 
ments with  divided  vagi),  but  convulsions  often  signalize  the 
onset  of  arythmias  with  excessive  tachycardia.  It  may  be 
remarked  that  the  curves  of  all  animals  which  had  not  received 
curare,  belong  to  type  II,  but  this  may  be  a  mere  coincidence, 
since  several  curare  experiments  also  belong  to  this  type. 

The  four  animals  of  this  series  which  required  extraordinarily 
large  doses  of  caffein  (over  300  mg.)  to  produce  death,  all  belonged 
to  type  II  (see  figs.  6  and  7).  This  indicates  that  excessive  caf- 
fein tachycardia  goes  hand  in  hand  with  cardiac  injury;  but  the 
number  of  experiments  is  too  limited  to  make  this  conclusion 
quite  secure. 

Heart  rate  with  vagi  intact. '  'We  have  only  two  charted  experi- 
ments, but  as  these  agree  with  those  of  previous  investigators, 
they  may  serve  for  illustration  (fig.  9) : 

.  Small  doses  may  produce  a  slight  primary  slowing,  if  the  vagus 
center  is  especially  excitable  (experiment  113).  The  rate  begins 
to  increase  when  the  dosage  reaches  10  to  40  mg.  The  maximum 
is  attained  with  about  200  mg.,  when  the  average  rate  (23)  exceeds 
the  original  rate  (10)  by  13  beats  per  second  or  130  per  cent. 
This  indicates  escape  from  vagus  control;  but  that  the  whole 
vagus  mechanism  is  still  capable  of  excitation  is  shown  by  experi- 
ment 115.  In  this  animal  after  the  last  dose  of  60  mg.  of  caffein 
(total  350  mg.  per  kg.)  and  following  various  reflex  irritations, 
the  heart  rate  fell  from  28  to  17  beats.  On  dividing  the  vagi,  it 
recovered  at  once  to  33  beats. 

Cardiac  Irregularities.  When  the  dosage  of  caffein  exceeds  20 
mg.,  cardiac  irregularities  of  various  kinds  are  very  common. 
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They  occurred  at  some  stage  in  most  of  our  experiments,  but 
as  they  are  usually  only  temporary,  they  are  not  very  important 
in  the  prolonged  course.  Our  usual  experimental  methods  were 
not  well  adapted  to  their  study,  but  we  may  record  some  incidental 
observations. 

The  irregularities  do  not  seem  to  bear  any  relation  to  the  dosage 
of  caffein.  They  often  appear  during  or  shortly  after  each  injec- 
tion; they  may  entirely  disappear  again  with  succeeding  doses 
and  perhaps  reappear  later. 

In  Experiment  114,  for  instance,  (vagi  divided)  the  rate  (26  per  10 
seconds)  remained  regular  to  140  mg.  With  the  next  three  injections, 
each  of  20  mg.,  the  rate  increased  to  about  40  and  became  irregular 
during  and  shortly  after  each  injection;  but  in  a  few  minutes  returned 
to  the  slower  and  regular  rate.  When  the  dose  of  240  mg.  was  reached, 
their  irregularity  became  persistent. 

These  irregularities  may  concern  either  the  rate  or  the  strength 
of  the  beats.  Excessively  high  rates  are  particularly  apt  to 
turn  into  temporary  arythmia,  especially  when  the  injection  is 
made  rapidly  or  into  the  jugular  vein.  Irregularities  in  the  excur- 
sions, on  the  other  hand,  are  most  frequently  connected  with 
convulsive  movements  or  respiration,  or  attempts  at  these  under 
curare. 

Significance  of  the  heart-rate  for  the  hlood-pressure  changes.  The 
cardiac  quickening  is  not  an  important  factor  in  the  blood  pres- 
sure changes,  either  for  small  or  large  doses,  as  was  pointed  out 
by  Swirski,  '04,  and  as  may  be  seen  by  comparing  the  average 
curves  of  the  two  phenomena  (figs.  4  and  8).  Notwithstanding 
the  increased  heart-rate,  the  pressure  falls  progressively. 

Observations  of  other  investigators  on  the  heart-rate.  There  is 
substantial  agreement  regarding  this  feature  of  caffein-action. 
The  characteristic  effect  consists  in  considerable  quickening, 
increasing  with  the  dose,  until  the  maximum  is  reached.  When 
the  vagi  are  intact,  Swirski,  '04,  showed  that  small  doses  (2  mg. 
in  rabbit,  10  mg.  in  dogs  per  kg.,  intravenous)  cause  sUght  slow- 
ing in  some  animals — the  majority  of  rabbits,  the  minority  of 
dogs.     This  he  showed  to  be  due  to  stimulation  of  the  vagus 
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center.  This  slowing  from  small  doses  was  recorded  by  Wagner, 
'85. 

Leven,  '63,  claimed  that  large  doses  of  caffein  also  slow  the 
heart.  We  have  observed  this  occasionally  in  our  experiments 
(see  figs.  6  and  7)  but  it  is  exceptional  and  usually  only  temporary. 
Phillips  and  Bradford,  '87,  found  the  rate  increased  during  the 
primary  fall,  and  slowed  during  the  secondary  rise,  but  this  slow- 
ing is  presumably  only  relative,  as  in  our  series.  Reichert,  '90, 
also  observed  the  quickening  during  the  primary  fall. 

It  is  evident  that  the  quickening  is  not  explained  by  vagus 
depression,  for  Johannsen,  '69,  and  all  subsequent  investigators 
have  shown  that  it  occurs  after  section  of  both  vagi  and  even 
after  atropin.  However,  the  vagus  tone  is  lost  with  large  doses 
(Aubert,  '72;  Reichert,  '90,  and  our  experiment  115),  and  the 
response  to  vagus  stimulation  becomes  uncertain,  but  the  vagus 
may  still  cause  marked  slowing  in  response  to  direct  or  central 
vagus  stimulation,  even  after  doses  of  350  mg.  per  kg. 

Nor  is  the  quickening  due  to  accelerator  stimulation,  for  Swir- 
ski,  '04,  found  that,  when  so  much  caffein  had  been  given,  that 
further  doses  did  not  further  increase  the  rate,  then  accelerator 
stimulation  still  gave  a  further  increase.  Dixon,  '03,  found  that 
the  quickening  occurs  after  apocodein.  It  must  therefore  be 
attributed  to  direct  muscular  stimulation.  This  was  also  the 
conclusion  of  Cushny  and  v.  Naten,  '01. 

In  the  human  subject,  the  response  of  the  heart  rate  appears  to  be 
highly  variable,  but  slowing  is  perhaps  the  more  usual  effect:  With 
0.1  gm.,  Wagner  records  considerable  slowing.  With  0.3  gm.,  Leb- 
loud  reports  quickening.  With  0.5  gm.,  Aubert  reports  slight  quicken- 
ing, Caron  slowing.  With  1.0  gm.,  Wilhelm  reports  slowing.  With 
1.5  gm.,  Frehrichs  reports  quickening.  Riegel,  with  0.4  to  1.0  gm, 
hypodermically,  reports  slowing. 

Effects  of  caffein  on  the  pulse  pressure.  The  excursions  of  the  Huer- 
thle  manometer  were  measured  on  the  tracing  and  fig.  10  shows  these 
data  plotted  as  curves.  The  excursions  show  little  change  to  about 
40  mg.,  whence  there  is  a  considerable  and  progressive  increase  to  about 
200  mg.  Then  the  excursions  appear  temporarily  to  return  toward  the 
normal;  but  at  600  mg.  the  average  curve  has  returned  to  its  higher 
level. 
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The  temporary  drop  on  the  curve  is  very  hkely  accidental,  since  the 
number  of  experiments  with  these  higher  doses  is  small.  On  the  whole, 
the  effect  is  predominantly  that  of  increased  excursions,  persisting 
until  death. 

These  increased  excursions  might  be  explained  in  several  ways;  as 
by  increased  output  volimie  of  the  heart;  by  more  rapid  expulsion  of 
the  cardiac  contents  (so  that  less  blood  can  flow  out  of  the  arteries  dur- 
ing the  time  of  contraction)  or  in  the  same  way,  by  vasoconstriction; 
and  by  lowered  arterial  pressure  (so  that  a  given  numerical  change  will 
correspond  to  a  larger  percentile  variation). 

Of  these  possible  explanations,  the  factor  of  increased  rate  certainly 
exists  with  caffein.  Indeed,  the  average  curves  of  rate  (fig.  8)  and  of 
excursions   (fig.    10)    correspond  remarkably  and  this  correspondence 
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FIG..  10.      CAFFEIN     OX     THE     HUERTHLE     EXCURSIONS 

The  heavy  line  represents  the  mean  curve  of  the  plotted  experiments. 

holds  true  also  of  individual  experiments  (e.g.,  113  and  120).  It  maj- 
therefore  be  safely  assumed  that  the  increased  excursions  are  due  essen- 
tially to  the  quickened  stroke;  this  makes  it  impossible  to  estimate  what, 
if  any,  part  is  played  by  the  other  theoretical  factors. 

PERSISTENT    EFFECTS    ON   THE   VASOMOTOR    CENTER 

These  were  observed  by  the  special  method  which  we  have 
described  in  a  previous  paper ^  (artificial  perfusion  of  an  organ, 
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with  preservation  of  the  central  nervous  connections).  The 
results  are  plotted  in  fig.  1 1 .  Since  the  curves  represent  the  rate 
of  flow  through  the  vessels,  a  fall  of  the  curve  corresponds  to 
central  vasoconstriction,  and  vice  versa. 

The  individual  curves  run  quite  irregularly,  which  in  itself 
show  that  the  vasomotor  center  is  not  greatly  concerned  in  the  con- 
stant blood-pressure  changes.  With  2  mg.  doses,  the  center  is 
often  stimulated  moderately.  This  is  shown  nicely  in  the  trac- 
ing of  fig.  12.     This  stimulation  is  maintained  about  constant 
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FIG.    11.      CAFFEIN  ON  VASOMOTOR  CENTER   (RATE  OF  FLOW  OF  PREPARED  ORGAN.s) 

The  broken  lines  represent  the  experiments  with  kidney,  the  solid  line  those 
with  spleens.  The  heavy  lines  show  the  mean  curve.  '(Those  experiments  in 
which  the  vasomotor  center  was  known  to  be  injured  are  excluded.) 


till  the  60  mg.  dose  is  reached,  although  the  general  blood  pres- 
sure is  falling.  Between  60  and  150  mg.,  there  is  considerable 
tendency  to  vasodilation,  but  with  300  mg.  this  has  returned  to 
a  further  constriction. 

The  general  tendency,  therefore,  is  toward  stimulation  of  the 
vasomotor  center,  even  with  large  doses,  and  in  sharp  contrast  to 
the  progressive  fall  of  blood  pressure. 
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PERSISTENT   EFFECTS   ON   THE   ORGAN-VOLUME 

Oncometric  observations  on  the  persistent  effects  were  made  on 
ten  animals.  (The  acute  changes  will  be  discussed  in  paper  V.) 
In  practically  all  of  these,  the  curves  for  the  oncometer  and  blood 
pressure  run  parallel,  as  illustrated  by  fig.  13.  This  correspon- 
dence indicates  that  the  early  rise  and  late  fall  of  blood  pressure 
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FIG.    12.      EFFECT    OF    CAFFEIN    ON     RESPIRATION,     HUERTHLE     AND     MEAN    BLOOD 
PRESSURE,  AND  VASOMOTOR  CENTER  (OUTFLOW  FROM  PREPARED  SPLEEN) 

Injection  of  caffein,  2  mg.  at  the  first  signal,  and  5  mg.  at  the  second  signal. 
(Experiment  C,  111-1,  vagi  divided.) 
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FIG.    13.      CURVES  OF  BLOOD  PRESSURE   (- 


-)   AND  ONCOMETER   ( ) 


The  vagi  were  divided  in  all  IJiese  experiments;  134  and  138  are  from  dogs, 
145  and  147  from  cats.  In  134  and  147  the  oncometer  was  applied  to  the  spleen; 
in  138  and  145  to  the  kidney.  The  dotted  line  in  138  shows  the  vein  flow  from  the 
spleen,  prepared  for  the  vasomotor  center. 
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are  due  essentially  to  cardiac  changes.  This  does  not  exclude 
vascular  changes  as  cooperative  factors;  indeed  we  shall  show 
that  the  larger  doses  of  caffein  paralyze  the  blood  vessels,  and 
exceptionally  there  was  evidence  of  effective  vaso-constriction 
in  the  smaller  dosage,  i.e.,  the  oncometer  fell  whilst  the  blood 
pressure  rose  or  remained  level  (in  experiment  141,  10  mg.,  in 
experiment  146  to  50  mg.). 


FIG.    14.      EFFECTS   OF  CAFFEIN   ON   THE   RESPIRATION 

Recorded  by  tracheal  tambour  with  open  side  tube.  The  upper  figure  repre- 
sents the  rate,  the  middle  the  depth,  and  the  lower  the  product  of  rate  and  depth. 
The  broken  lines  correspond  to  experiments  110  and  111,  in  which  the  vagi  were 
divided;  the  solid  lines  refer  to  experiments  113  and  115,  with  vagi  intact.  The 
heavy  lines  show  the  mean  of  the  four  experiments. 
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EFFECTS   ON    RESPIRATION 

Figure  14  shows  the  curves  of  respiration  in  the  four  experi- 
ments in  which  it  was  recorded.  The  respiration  under  caflfein 
is  irregular,  but  in  the  average  it  is  considerably  increased  in 
depth  and  particularly  in  rate,  or  both.  The  increase  is  often 
very  considerable  (fig.  1  and  12).  It  is  quite  pronounced  with 
5  mg.  doses,  and  persists  to  500  mg.  or  until  death;  the  respira- 
tion ceasing  only  with  the  final  cardiac  failure  (figs.  15,  16  and 
17).  Experiment  115  is  interesting  as  illustrating  the  revival 
of  a  spontaneously  arrested  respiration  by  caffein:  Artificial 
respiration  had  to  be  maintained  until  10  mg.  of  caffein  had  been 
injected,  when  spontaneous  breathing  became  reestablished  (see 
fig.  14). 

So  far  as  we  may  judge  from  our  limited  number  of  experiments, 
the  phenomena  are  essentially  similar,  whether  the  vagi  are  intact 
or  divided. 

The  stimulation  of  respiration  by  caffein  is  of  course,  well 
known  (Leven,  '68;  Wagner,  ^85),  Binz,  '78,  found  a  striking 
increase,  especially  in  the  excursions,  from  10  mg.  per  kg.,  in 
heavy  alcohol  narcosis. 

CONVULSIVE    PHENOMENA 

A  record  was  kept  of  the  convulsive  phenomena  which  occurred 
frequently  in  the  course  of  the  experiments.  These  were  of  sev- 
eral types.  With  relatively  small  doses,  they  resembled  strug- 
gling rather  than  convulsions,  and  we  gained  the  impression  that 
they  were  caused  indirectly,  through  the  partial  removal  of  the 
narcosis  by  the  central  caffein  stimulation,  rather  than  by  any 
direct  convulsant  action.  Somewhat  violent  convulsions  are  apt 
to  occur  during  the  abrupt  fall  of  blood  pressure  which  accompa- 
nies the  intravenous  injections;  these  also  may  be  explained  as 
indirect,  due  to  the  sudden  anemia  of  the  nervous  centers.  With 
larger  doses,  however,  a  more  persistent  convulsant  condition 
appears,  the  convulsions  increasing  with  the  dose;  from  about  150 
mg.  per  kg.,  there  is  usually  more  or  less  persistent  tetanus  of  the 
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strychnin  type.  The  dosage  at  which  the  true  caffein  convul- 
sions appeared  is  difficult  to  determine,  and  appeared  to  vary 
greatly,  as  might  be  expected  in  narcotized  animals.  The  possi- 
bility of  indirect  convulsions  does  not  appear  to  have  been  recog- 
nized by  those  who  have  previously  described  the  convulsions, 
and  this  may  be  responsible  for  some  confusion.  For  instance, 
Uspensky,  '68,  and  Aubert,  '72,  claim  that  the  convulsions  are 
prevented  by  artificial  respiration.  In  our  series,  the  true  caffein 
convulsions  occurred  about  as  violently,  and  with  about  the  same 
doses,  mth  artificial  as  with  natural  respiration.  In  the  case  of 
Aubert  at  least,  there  can  be  little  doubt  that  he  was  not  dealing 
with  the  true  caffein  convulsions,  but  with  the  asphyxial  convul- 
sions, resulting  from  the  rapid  fall  of  blood  pressure,  which  in 
turn  is  contingent  on  the  rapid  intravenous  injection  of  massive 
doses,  as  practiced  by  him.  The  very  short  duration  of  his  con- 
vulsions, even  when  untreated,  scarcely  admits  of  any  other 
'explanation. 

FATALITY 

Whilst  the  blood  pressure,  and  most  other  phenomena  bear  a 
very  constant  relation  to  the  total  dose,  no  such  constancy  is 
observable  in  the  fatal  dose;  on  the  contrary,  this  is  subject  to 
very  great  variation  or  idiosyncrasy,  under  the  conditions  of 
our  experiments. 

The  fatalities  in  the  experiments  available  for  this  purpose 
were  as  follows: 

Below  50  mg.  per  kilo none  160  to  200  mg.  per  kilo 6 

57  to  60  mg.  per  kilo 2  300  to  360  mg.  per  kilo 3 

70  to  100  per  kilo 3  450  to  560  mg.  per  kilo 3 

130  to  140  mg.  per  kilo 3  800  mg.  per  kilo 1 

The  series  included  three  cats,  one  of  which  died  with  90  mg., 
one  with  100  mg.,  and  one  required  more  than  310  mg.  per  kilo. 

The  mean  fatal  dose  for  all  the  animals  is  175  mg.  and  nearly 
half  the  animals  died  within  the  relatively  narrow  range  of  130 
and  200  mg. ;  but  some  were  killed  by  a  dose  only  one-third  as 
large  as  the  average,  whilst  others  survived  doses  two,  three  and 
even  four  times  as  high  as  the  average  fatal  dose. 
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We  incline  to  the  belief  that  the  latter  would  have  succumbed 
to  the  average  fatal  dose,  if  this  had  been  given  more  time  to 
develop  its  full  action.  In  other  words,  we  believe  that  there 
is  often  a  considerable  latent  period  between  the  injection  of 
the  fatal  dose,  and  the  actual  occurrence  of  death,  corresponding 
to  the  period  during  which  the  blood  pressure  continues  steadily 
about  the  60  mm.  level.  In  our  routine,  the  injections  usually 
extended  over  one  to  three  hours;  perhaps  half  or  two-thirds  of 
this  time  was  used  to  reach  the  dosage  of  175  mg. ;  so  that  the 
'^  latent  period" — if  this  is  the  correct  explanation — may  be  as 
much  as  an  hour. 

To  test  the  matter,  we  stopped  injections,  in  some  of  the  exper- 
iments, when  a  presumably  fatal  dose  had  been  introduced,  al- 
though the  animals  were  still  alive. 

The  following  results  were  obtained: 

Experiment  131.    Total  dose,  240  mg.  per  kilo Pause  of  30  minutes  alive 

360  mg.  per  kilo Died  15  minutes  later 

Experiment  133.     Total  dose,  200  mg.  per  kilo Died  1  hour  later 

Experiment  136.     Total  dose,  140  mg.  per  kilo Died  15  minutes  later 

Experiment  138.     Total  dose,  180  mg.  per  kilo Died  15  minutes  later 

Experiment  141.    Total  dose,  140  mg.  per  kilo Died  -J  hour  later 

These  results  show  that  there  is  in  fact  a  latent  period  which 
in  these  experiments  may  extend  over  one-fourth  to  one  hour. 
This  must  be  an  important  factor  in  the  variable  lethal  dose, 
when  repeated  injections  are  made. 

When  a  fairly  uniform  technic  is  followed,  however,  as  was  the 
case  in  most  of  our  experiments,  this  factor  should  be  uniform, 
and  the  apparent  lethal  dose  should  therefore  also  be  uniform.  It 
is  therefore  evident  that  other  factors  must  also  be  important. 

It  impressed  us  that  in  many  cases  the  immediate  cause  of 
death  is  not  so  much  the  direct  action  of  caffein,  but  rather  a 
lessened  resistance  of  the  heart  to  unfavorable  conditions.  The 
abrupt  cardiac  stoppage  favors  this  view.  As  injuries  would 
vary  greatly  in  different  experiments,  the  apparent  fatal  dose 
would  vary  accordingly.  This  is  borne  out  by  our  records,  for 
in  many  cases  death  supervened  on  some  injurious  agency. 
Amongst  these,  the  acute  depressant  action  of  rapid  caffein  injec- 
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tion  doubtless  takes  a  leading  part.  Other  fatalities  followed 
closely  on  pneumothorax  and  aortic  compression;  epinephrin; 
traction  of.  the  carotid  artery,  etc., — procedures  which  would  not 
ordinarily  be  fatal  in  the  absence  of  caffein. 


FIG.  15.   ACUTE  DEATH  UNDER  SMALL  DOSES  OF  CAFFEIN 


The  heart  stopped  acutely  during  the  injection  of  20  mg.  per  kg.,  the  animal 
having  already  37  mg.  per  kg.  Upper  tracing,  respiration;  second  tracing,  mem- 
brane manometer;  third  tracing,  mercurial  manometer;  abscissa,  vein  flow  from 
perfused  spleen.    Experiment  C,  111;  vagi  divided. 

The  caffein  solution  entered  the  vein  slowly  at  1,  rapidly  at  2.  The  cardiac 
arrest  was  followed  by  asphyxial  convulsions. 
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Differences  in  excretion  of  caffein  can  scarcely  be  important, 
since  the  difference  in  dosage  is  much  greater  than  any  conceiv- 
able difference  in  excretion.  Moreover,  the  urinary  excretion 
of  caffein  must  be  insignificant  when  the  blood  pressure  has  fallen 
to  the  60  mm.  level. 


FIG.    16.      DEATH  AFTER  LARGE  DOSES  OF  CAFFEIN 

Tracings  arranged  as  in  fig.  15.  The  dots  on  the  abscissa  correspond  to  con- 
vulsions.    The  total  dose  was  453  mg.  per  kg.     Experiment  C,  110;  vagi  divided. 

The  immediate  mechanism  of  death,  in  every  case,  is  cardiac 
arrest.  The  respiration  may  fail  almost  synchronously;  but  the 
blood  is  usually  bright  red,  and  asphyxia  can  therefore  be  defi- 
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nitely  excluded.  The  failure  of  the  heart  is  always  rapid.  In 
some  cases,  and  especially  with  the  early  fatalities,  it  occurs 
instantly,  without  any  warning,  usually  during  an  injection 
(figs.  16  and  17).  Ordinarily  it  is  not  quite  so  abrupt,  but  even 
here  the  arrest  occurs  within  one  or  two  minutes  after  the  first 


FIG.  17.   DEATH  AFTER  VERY  LARGE  DOSE  OF  CAFFEIX  (800  MG.  PER  KG.) 

Tracings  arranged  as  in  fig.  15.     Numbers  13,  14  and  15  represent  injections, 
each  of  60  mg.  of  cafifein  per  kg. 
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warning,  although  up  to  then,  the  blood  pressure  may  have  run 
level  for  an  hour  or  more,  with  repeated  injections  of  caffein. 

In  those  cases  in  which  necropsy  was  made,  the  heart  was  found 
distended  and  flabby,  twitching  feebly  and  superficially  for  some 
time  after  death. 

It  is  of  interest  to  compare  the  fatal  doses  in  our  experiments  with 
these  obtained  by  Salant  and  Rieger,  '10,  with  hypodermic  and  oral 
administration;  but  as  their  preliminary  paper  does  not  give  details, 
an  exact  comparison  is  not  yet  possible.  They  give  the  following  data 
as  to  the  just  fatal  dose: 

Dogs,  110  mg.  per  kg.,  hypodermic symptoms  and  in  some  cases  fatal 

Dogs,  140-150  mg.  per  kg.,  mouth.  .  .  .fatal  in  a  few  hours,  in  some  cases 
Cats,  150-155  mg.  per  kg.,  hypodermic.  .  .  symptoms  in  10-15  minutes  fatal 

in  a  little  over  an  hour 

Rabbits,  160  mg.  per  kg.,  earvein fatal 

Rabbits,  200  mg.  per  kg.,  muscular.  .    fatal  in  few  hours 

Rabbits,  200  mg.  per  kg.,  hypodermic only  tremors 

Rabbits,  270-280,  mg.  per  kg.,  hypodermic fatal  in  1  to  4  hours 

Rabbits,  350-360  mg.   per  kg.,  mouth fatal 

Guinea  pigs similar  to  rabbits 

Pigeons,  140-150  mg.  per  kg somewhat  toxic 

Frogs,  100  mg.  per  kg. toxic 

To  these  may  be  added  the  following  data  from  the  literature: 

Rabbits,  100  mg.  per  kg.,  jugular  vein,  fatal  (Upsensky) ;  250  mg.  per 
kg.,  hypodermic,  just  fatal  (Falk  and  Stahlmann).  Dog,  vein:  Aubert 
found  under  artificial  respiration,  that  some  dogs  died  with  25  mg.  per 
kg.,  whilst  others  survived  300  mg.  per  kilo.  Reichert  also  records 
great  variability  in  the  fatal  dose  to  dogs,  with  jugular  injections.  His 
fatal  doses  are  remarkably  small,  ten  dogs  dying  with  26  to  120  mg.  per 
kilo  (presumably  of  citrated  caffein,  so  that  the  actual  doses  would 
only  be  one  half  as  great).  This  may  be  attributed  to  the  great  rapid- 
ity of  his  jugular  injection  (10  to  15  seconds).  Death  followed  very 
promptly.     In  only  one  case  was  it  delayed  for  eight  minutes. 

Leven  gives  the  just  fatal  dose  per  animal,  for  hypodermic  injection, 
as  10  mg.  for  frogs;  150-200  mg.  for  guinea  pigs,  600  mg.  for  rabbits. 

The  great  variability  in  the  fatal  dose  makes  comparison  and  definite 
conclusions  difficult.     The  following,  however,  appears  justified: 

The  average  fatal  dose  for  intravenous  and  intramuscular 
injection  ranges  between  140  and  200  mg.  for  dogs,  cats,  and  rab- 
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bits — the  differences  between  species  being  less  pronounced  than 
the  differences  between  individuals,  which  may  vary  widely 
from  the  average. 

This  dosage  applies,  also  to  hypodermic  administration  in  dogs 
and  cats  and  to  oral  administration  in  dogs. 

In  rabbits,  however,  a  considerably  higher  dosage  is  required 
by  hypodermic  and  a  still  higher  by  oral  administration.  The 
range  of  toxicity  appears  to  apply  also  to  pigeons  and  frogs. 

SUMMARY  OF  THE  DIRECT  OBSERVATIONS  ON   PERSISTENT  EFFECTS 
AND   DOSAGE    OF   CAFFEIN 

Before  proceeding  to  the  effects  of  experimental  conditions 
upon  the  caffein  reactions,  it  will  be  profitable  to  restate  the  essen- 
tial features  of  the  normal  reactions. 

1.  With  doses  up  to  20  mg.,  the  blood  pressure  is  not  much 
affected,  but  may  show  a  slight  rise;  the  heart-rate  is  increased 
but  this  bears  no  relation  to  the  blood  pressure.  The  oncometer 
usually  follows  the  blood  pressure,  so  that  the  rise  is  mainly  car- 
diac ;  but  the  vasomotor  center  is  also  stimulated,  and  in  some 
cases  the  vasoconstrictor  factor  is  more  effective  than  the  cardiac 
factors.  A  partially  depressed  vasomotor  center  may  recover 
under  caffein,  and  the  pressure  may  then  rise  considerably.  The 
respiration  is  also  stimulated. 

2.  With  doses  of  20  to  150  mg.,  the  pressure  falls  progressively 
to  a  constant  level  of  50  to  70  mm.;  the  fall  thus  being  large  or 
small  according  to  whether  the  original  pressure  was  high  or  low. 
The  heart-rate  is  further  increased,  often  with  irregularities. 
The  central  vasomotor  stimulation  persists.  The  oncometer 
follows  the  blood  pressure,  so  that  the  fall  must  be  largely  car- 
diac ;  but  the  possibility  of  peripheral  vasodilation  is  not  excluded. 
The  respiration  is  further  stimulated. 

3.  Additional  doses  produce  no  further  effects  until  death 
occurs  by  rapid  cardiac  paralysis. 

4.  The  fatal  dose  for  intravenous  injection  varies  in  different 
individuals  between  57  and  800  mg.  per  kilo;  but  with  most  ani- 
mals, it  lies  between  130  and  200  mg.,  and  175  mg.  may  be 
accepted  as  a  mean. 
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The  cause  of  this  variability  has  not  been  demonstrated,  but 
several  probable  factors  are  discussed.  Amongst  these,  lessened 
resistance  of  the  heart  to  injurious  agencies  is  practically 
important. 

5.  Convulsive  symptoms  may  occur  from  indirect  actions 
as  well  as  from  the  direct  effects  of  caffein. 

11.     The  Influence  of  Blood-Pressure  on  Cardiac  and 
Vascular  Reactions 

introduction 

The  observations  of  the  effect  of  caffein  under  ordinary  con- 
ditions, as  described  in  the  preceding  paper,  led  to  the  conclusion 
that  the  heart-rate  and  the  vaso-motor  center  are  practically 
unimportant  in  the  production  of  the  blood  pressure  changes,  and 
that  these  must  be  mainly  of  cardiac  origin ;  but  that  vasodila- 
tion by  a  peripheral  action  could  not  be  excluded,  as  a  contribu- 
ting factor. 

The  theory  of  exclusive  cardiac  depression  also  fails  to  explain, 
at  least  in  the  light  of  existing  knowledge,  why  caffein  does  not 
lower  the  blood  pressure  after  destruction  of  the  vasomotor  cen- 
ter and  why  the  fall  of  blood  pressure  stops  at  the  50  to  70  mm. 
level,  even  when  large  doses  are  used. 

A  priori,  one  would  rather  expect  that  a  cardiac  depression 
would  progress  until  death,  and  that  a  cardiac  fall  of  blood  pres- 
sure would  therefore  also  proceed  in  a  smooth  curve  until  death — 
which  is  evidently  not  the  case  with  caffein.  The  phenomena 
would  be  easily  explained  by  vasodilation — for  then  the  pressure 
would  only  continue  to  fall  until  the  vascular  paralysis  is  complete 
— which  might  well  correspond  with  the  50  to  70  mm.  level.  This 
easy  explanation,  however,  is  flatly  contradicted  by  the  oncometric 
observations,  which  indicate  that  the  fall  is  mainly  cardiac,  since 
the  blood  pressure  and  organ  volume  tend  to  vary  in  the  same 
direction. 

The  condition  required  further  experimental  investigation. 
In  the  course  of  this,  We  soon  encountered  a  fact,  the  importance 
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of  which  does  not  seem  to  be  generally  realized,  namely,  that  low 
levels  of  blood  pressure  diminish  or  abolish  most  if  not  all  blood 
pressure  reaction.  It  is,  of  course,  well  known  that  low  blood 
pressure  or  ''shock"  aboUshes  the  reactions  of  the  vasomotor 
center,  for  instance,  to  sciatic  stimulation.  This  is  currently 
explained  by  anemic  paralysis  of  the  center.  We  find,  however, 
that  in  this  condition,  the  blood  pressure  also  fails  to  respond  to 
direct  stimulation  of  the  efferent  vasomotor  nerves  (splanchnics) 
and  that  the  absolute  rise  on  the  injection  of  moderate  doses  of 
epinephrin  is  also  very  much  diminished. 

Compression  of  the  aorta  also  gives  a  much  smaller  absolute 
rise;  so  does  clamping  of  both  carotid  arteries.  Traction  of  the 
carotid  artery,  and  intravenous  injection  of  caffein  (which  pro- 
duce cardiac  depression)  also  show  a  much  smaller  absolute  fall 
when  the  level  of  the  blood  pressure  is  previously  low. 

These  conclusions  are  based  on  the  data  shown  in  the  Table. 
(Further  details  as  to  method,  etc.,  will  be  presented  in  the  next 
paper.) 

Influence  of  Blood-Pressure  on  Circulatory  Reaction 

The  figures  in  italics  represent  the  average  rise  or  fall  of  pressure,  in  milli- 
meters. The  figures  in  parentheses  show  the  number  of  animals  from  which  the 
averages  were  compiled. 


Sciatic  stimulation  (rise) 

Splanchnic  stimulation  (rise) 

Epinephrin  g^  J  5  mg.  per  kg.  (rise) 

Aortic  compression  (rise) 

Clamping  carotids  (rise) 

Traction  carotids  (fall) 


LEVEL  OF  BLOOD  PRESSURE  IN  MM. 


More  than  80 


50  to  80 


Less  than  45 


Caffein  intravenous  (fall) 28    (28) 


S8 

45 

SH 

65 

S8l 

m 


(31) 

(8) 

(12) 

(13) 

(9) 

(8) 


(7) 
(4) 
(5) 
(6) 
(3) 
22  (5) 
10  (13) 


m 

S5l 
55 

51 


6\   (3) 

3     (5) 

IS     (1) 

20     (2) 

e    (1) 

«     (4) 


This  table  includes  experiments  with  small  doses  of  caffein 
(up  to  40  mg.  per  kg.) ;  as  well  as  animals  which  were  merely  nar- 
cotized. As  we  shall  show,  these  small  amounts  of  caffein  do 
not  affect  the  results  materially.  Even  with  these  experiments 
included,  the  data  are  not  sufficiently  extensive  to  show  details, 
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or  to  compile  an  exact  curve  of  the  effect  of  blood  pressure  on 
the  different  reactions,  such  as  has  been  worked  out  by  Porter'' 
for  sciatic  stimulation.  This  deficiency  we  hope  to  supply  in 
the  future.  For  the  present  we  have  divided  the  results  into 
three  groups,  namely,  for  pressures  above  90  mm.,  pressures  of 
50  to  80  mm.,  and  pressure  of  45  mm.  or  less.  These  suffice  to 
show  the  direction  of  the  change;  the  averages  are  so  striking, 
that  there  can  be  Uttle  doubt  that  the  circulatory  reactions  are 
generally  reduced  when  the  level  of  blood  pressure  has  fallen  to  50 
-80  mm.,  and  that  they  are  almost  ineffective  when  the  pressure  is 
45  mm. 

This  interference  by  low  blood  pressure  cannot  be  attributed 
to  failure  of  reaction  on  the  part  of  the  vasomotor  center,  since 
most  of  the  reactions  to  which  it  applies  do  not  involve  this 
center.  It  is  also  known  that  splanchnic  stimulations  and  espe- 
cially epinephrin  injections,  are  capable  of  contracting  excised 
blood  vessels;  and  from  this  we  must  assume  that  the  response 
of  the  peripheral  vasomotor  apparatus  is  not  impaired  by  low 
blood  pressure.  Moreover,  low  blood  pressure  also  lessens  the 
response  to  aorfic  compression,  in  which  the  arterial  system  is 
definitely  excluded. 

The  explanation  must  therefore  be  sought  outside  of  the  vaso- 
motor apparatus. 

One  explanation  could  be,  that  the  heart  is  so  weakened  by 
the  low  pressure,  that  it  cannot  pump  effectively  against  any 
higher  resistance.  This  is  contradicted  by  the  observation  that 
the  degree  of  rise  still  depends  upon  the  degree  of  resistance, 
aortic  compression,  for  instance,  causing  a  greater  rise  than  epi- 
nephrin, and  this  a  greater  rise  than  splanchnic  stimulation.  So 
far  as  the  cardiac  force  is  concerned,  therefore,  the  pressure  could 
be  maintained  at  a  higher  level  than  is  actually  observed  with 
epinephrin  or  splanchnic  stimulation.  Weakening  of  the  heart 
cannot,  therefore,  be  the  essential  factor,  but  it  may  contribute 
more  or  less  to  the  result;  large  doses  of  epinephrin  (aV  mg.  per 
kg.)  raise  low  blood  pressure  even  more  effectively  than  aortic 

»W.  T.  Porter:  Amer.  Journ.  Physiology,  1907,  vol.  20,  p.  404. 
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compression;  and  there  is  some  evidence  that  this  is  due  to  car- 
diac stimulation. 

If  the  lessened  response  of  low  blood  pressure  cannot  be  ex- 
plained either  by  vasomotor  or  cardiac  depression,  there  seems  to 
remain  but  one  other  factor,  namely,  a  diminution  of  the  quantity 
of  blood  in  active  circulation  in  the  sense  that  the  quantity  of 
circulating  blood  is  not  sufficient  to  get  up  a  high  pressure  even 
when  the  resistance  is  raised.  Since  a  large  change  in  the  total 
volume  of  blood  is  scarcely  conceivable,  it  would  follow  that  the 
change  must  be  in  the  distribution  of  this  blood,  namely,  a  decrease 
in  the  proportion  on  the  arterial  side  of  the  circulation,  and  a  cor- 
responding increase  on  the  venous  or  cardiac  side— that  is,  a  car- 
diac dilatation  or  a  venous  stasis,  a  loss  of  cardiac  or  venous  tone 
(the  latter  perhaps  in  the  manner  suggested  by  Y.  Henderson^"). 

It  is  evident  that  the  amouAt  of  resistance  in  the  arterial  sys- 
tem can  have  but  Httle  effect  on  the  pressure,  if  the  quantity  of 
blood  in  active  circulation  is  not  sufficient  to  distend  the  arteries. 
If  the  blood  stagnates  mainly  in  the  veins  or  in  the  right  heart, 
the  state  of  efficiency  of  the  left  heart  will  be  similarly  immaterial, 
for  a  pump  cannot  propel  more  hquid  than  is  suppUed  to  it.  A 
very  powerful  ventricle  would  then  be  no  more  effective  than  a 
relatively  weak  ventricle. 

It  is  self-evident  that  these  considerations  have  a  most  impor- 
tant bearing  on  the  interpretation  of  ''shock,"  but  into  this  we 
do  not  care  to  enter  further  at  this  time. 

III.    The  Influence  of  Caffein  on  Blood-Pressure 

Reactions 

We  have  shown  in  the  preceding  paper  that  all  the  blood  pres- 
sure reactions  which  we  have  studied  are  materially  reduced  at 
low  levels  of  blood  pressure.  When  investigating  the  effects 
of  drugs  or  other  conditions  on  blood  pressure  responses,  it  is 
therefore  necessary  to  take  the  level  of  the  blood  pressure  into 
account.  For  this  reason,  in  tabulating  our  results,  and  in  draw- 
ing conclusions,  we  have  considered  both,  the  level  of  blood  pres- 
sure, and  the  dosage  of  caffein. 

"»Y.  Henderson:  Amer.  Journ.  Physiology,  1910,  vol.  27,  p.  152. 
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SCIATIC   RESPONSE 

This  was  determined  by  stimulating  the  cephahc  end  of  the 
divided  sciatic  with  induction  currents  more  than  sufficient  to 
give  a  maximal  blood  pressure  rise  and  the  average  of  several 
such  stimulations  was  noted.  The  animals  were  curarized  and 
the  vagi  divided. 

The  results  may  be  grouped  according  to  the  dosage  of  caffein 
and  the  level  of  the  blood  pressure  as  follows: 

TABLE  1 
Blood  Pressure  response  to  Sciatic  Stimulation 


DOSAOB  OT  CAFFBIN 

LEVBL  OF  BLOOD 
PRESSURE 

AVERAGE  RISE 

RISE   IN  INDIVIDUAL 
ANIMALS* 

mg. 

mm. 

[30-45 

6 

6 

0 

j 50-80 
[100+ 

14 

34 

5-8-30 

20-20-22^0-46-65 

[30-45 

6.5 

5-8 

5-20 

■  50-80 
.100+ 

18 
34 

15-17-23 

12-15-30-45-60 

40-100 

150-80 
1100+ 

10 
22 

0-5-12-23 

16-20-30 

140-200      

/30^5 

\  50-80 

4.5 
4 

0-9 

4 

300-460      

/  30-45 

\  50-80 

4.5 
0 

4.5 

0-0 

*  These  facts  are  presented  graphically  in  figure  1. 

It  was  shown  by  Porter^^  and  confirmed  by  us^^  that  the  abso-. 
lute  rise  on  sciatic  stimulation  is  approximately  the  same  for  all 
blood  pressures  above  about  70  mm.;  that  it  is  considerably  less 
between  40  and  70  mm.;  and  very  much  less  below  40  mm. 


"Porter,  H.  T.:  Amer.  Journ.  of  Physiology,  1907,  vol.  20,  p.  403. 
"Sollmann  and  Pilcher:  ibid.,  1910,  vol.  26,  p.  245. 
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As  concerns  caffein,  fig.  1  shows  that  doses  up  to  20  mg.  do  not 
affect  the  sciatic  response  materially.  Larger  doses,  however, 
lessen  the  response  conspicuously. 

That  this  lessened  response  is  not  due  to  a  paralyzing  action 
on  the  vasomotor  center  is  shown  by  our  out-flow  method,  in  the 
following  experiments: 

Experiment  C,  1 15.     Kidney  vessels  perfused  with  renal  nerves  intact. 

Sciatic  stimulatiop  produced  tjie  following  response: 

CaflFein  dose  =  10  mg.  per  kg Blood  pressure  response  =  70—100= 

22  mm.     Outflow  slowed. 

Caffein  dose  =  100  mg Blood  pressure  response  =  50-71  =21 

mm.     Outflow  slowed. 

CafEein  dose =350  mg Blood  pressure  response =32— 36=4. 

Outflow  sljwed 


>    .5 

^/o«</    FrestMrr;}90 


Dosage  of  Ci^tin   (tnyxky). 
• 0     SioZO 

e — e  40  to  100 
.. — ♦    140  to  ZOO 


*H 


©— «  300  to  460 


FIG.    1.      EFFECT   OP  CAFFEIN   ON   SCIATIC  STIMULATION 


PARTIAL   ASPHYXIA 


Clamping  the  tracheal  cannula  for  one  minute  produced  results 
essentially  similar  to  those  of  sciatic  stimulation,  as  is  shown  by 
the  following  abstract  from  Experiment  C,  128  (curarized  dog) : 


DOSAOE  OF  CAFFEIN 

EFFECT   OF  ASPHYXIA  ON 

Blood  pressure 

Kidney  outflow 

0     

mm.                 , 

70-82  =+12 
80-110  =  +30 
58-65  =+  7 

units 

3.5-3.2=-0.3 

7  

3.6-3.0=-0.6 

117        

3.6-3.0= -0.6 
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It  is  seen  that  with  the  larger  dose  of  caffein,  the  blood  pressure 
response  is  greatly  reduced,  whilst  the  response  of  the  vasomotor 
center  is  preserved  intact. 

TETANUS 

After  large  doses  of  caffein,  the  rise  of  blood  pressure  during 
tetanus  is  very  small,  but  the  response  of  the  vasomotor  center  is 
preserved  (Experiment  C,  113,  114  and  115). 


so 


40 


^     iO 


% 


zo 


10 


3/o,d-Prasurt    >^00 


JPosa^e  of  C^^in  (tny  ?:.  A^.). 

0 

o o        Sto40 

O  OOiolOO 

♦  14-0  to  200 

^  ISO 


FIG.  2.      EFFECT   OF  CAFFEIN  ON  SPLANCHNIC  STIMULATION 


SPLANCHNIC    RESPONSE 


The  splanchnic  nerve  (usually  divided)  was  stimulated  in 
curarized  animals,  either  just  above  the  diaphragm,  or  near 
the  left  suprarenal  gland.  The  results  are  shown  in  table  2  and 
fig.  2. 
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TABLE  2 
Blood-pressure  Response  to  Splanchnic  Stimulation 


DOSAQE  OF  CAF7UN 


LEVEL  OF  BLOOD 
PBE8SCBE 


AYEBAQE  BI8E 


<45 

50-80 
>100 


5^0. 


60-100.. 
140-200. 
280 


50-80 
50-80 
50-80 


0 
45 
42^ 

35 
34 
50^ 

20 
13 

7 


B13E  IN  INDIVIDUAL 
ANIMALS 


0 

45 

75.60.39.10.38.33 

0.0.7.7. 
35.58.18.25 
75.22.95.10 


20 
23.14.10 

7 


In  these,  the  response  is  not  materially  affected  till  the  dosage 
reaches  60  mg. ;  with  larger  doses,  it  is  very  materially  reduced. 

RESPONSE  TO  EPINEPHRIN  y^J-^  MG.  PER   KG.    (bOTH   VAGI   DIVIDED) 

This  is  shown  in  table  3  and  fig.  3. 


TABLE  3 
Blood-Pressure  Response  to  Epinephrin,  ^J  ^  mg.  per  kg. 


AVEBAGE   BISE 


BI3E  IN  INDIVIDUAL 

ANIMALB 


140-200 
300 


24 
34 

13 

42 
30 

12 

28 
30 

21 
6 


15.40.25.17 
30.15.25.50.50 

13 

35.50.28.50.45 

10.30.45.40.20.28 

12 
30.26 
25.35 

34.20.12.10.20.29.20.22 
0.12 
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Large  doses  of  caffein  again  appear  to  lessen  the  response, 
although  the  difference  is  not  as  striking  as  with  sciatic  and 
splanchnic  stimulation.  It  was  also  noted  in  a  number  of  experi- 
ments that  a  fair  response  to  epinephrin  persisted  longer  than  the 
response  to  asphyxia,  sciatic  or  splanchnic  stimulation,  or  carotid 
traction  or  occlusion.     This  indicates  that  the  epinephrin  rise. 


Dosage  of^  Casein  (fn^.x.ky) 

■  o 

o o        Sic40 

0 0        rS  to  120 

r  140 1 o  ZOO 

Qlo40 

FIG.  3.   EFFECT  OF  CAFFEIN  ON  EPINEPHRIN,  -^\^   MG. 

after  large  doses  of  caffein,  may  be  due  to  cardiac  stimulation, 
rather  than  to  vaso-constriction,  and  in  fact  we  have  observed  that 
then  the  oncometer  rises  with  the  blood  pressure;  whereas  ordi- 
narily it  falls  when  the  blood  pressure  is  raised  by  epinephrin. 
This  is  shown  by  the  following  data: 


EXPERIMENT 

DOSE  OF  CAFFEIN 

BLOOD-PRESSURE 
REACTION 

ONCOMETER  REACTION 

f     ^^ 

136 ]   93 

,113 

- ,  u 

115+45 

85+25 
80+20 

60+45 
60+35 

Kiiney 

Fall  of  50  units 
Fall  of  20  units 
Rise  of  10  units 

Spleen 

Fall  of  50  units 
Fall  of  1^  units 
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RESPONSE  TO  EPINEPHRIN  ^\    MG.   PER  KG.    (VAGI  DIVIDED) 

This  is  shown  in  table  4  and  fig.  4. 

TABLE  4. 
Blood-pressure  response  to  epinephrin,  1/20  mg.  per  kg. 


DOSAGK  OF  CIFKEIN 

LETBL  OF  BLOOD 
PBES8URE 

AVKRAGB  BISE 

BISE  IN  IKDIVIDCAL  A.NIM.VIA 

0 

/     50-85 
I  >90 

<45 

/  <45 
\     50-85 

<45 

130 
115 

78 

45 
61 

34 

130 

75-120 

135.95 
83.72 

140-200      

69.27 

>200 

84.65.35.60.62 
50.18 

120 


100 


60 


■%  ^  eo 

\  ^  40 
*    c 


Dosage  ofCdffein  (mgxkcf.) 
, ,        0 

& — @    r^toizo 

t 1     140  to  ZOO 

@       >zoo 


o 


.10 

30 

K 

io 

00 

45 

>90 


FIG.   4.      EFFECT    OF    CAFFEIN    ON    EPINEPHRIN,     j-j    MG. 

This  figure  is  one-half  the  scale  of  the  other  curves. 
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The  response  is  very  much  greater  than  with  the  smaller  doses 
of  epinephrin,  and  the  larger  dose  may  produce  a  moderate  or 
even  large  rise  after  the  small  dose  fails: 

Experiment  130,  caffein,  300  mg Response  to  ^\-^  mg.  Epin.  =30+0 

Response  to  ^V    ^S-  Epin.  =30+15 

Experiment  138,  caffein,  180  mg )  Response  to  -jgro  ™g-  Epin.  =  55+20 

/  Response  to  -jff    mg.  Epin.  =58+62 

However,  as  seen  in  fig.  4,  large  doses  of  caffein  reduce  the 
response  very  materially,  apparently  even  more  than  for 
the  smaller  dose  of  epinephrin.  The  oncometer  again  tends  to 
follow  the  blood  pressure,  showing  that  the  epinephrin  rise  after 
large  doses  of  caffein  is  cardiac  rather  than  vascular. 

It  may  be  remarked,  incidentally,  that  the  cardiac  stimulation 
has  its  limitations.  Thus  epinephrin  has  never  availed  us  for 
reviving  a  heart  which  has  been  arrested  by  caffein  (C,  123  and 
132).  In  two  cases,  the  epinephrin  even  hastened  death.  In 
C,  135  (caffein  133  mg.),  the  heart  failed  acutely  at  the  top  of 
the  rise  (65  to  130  mm.)  produced  by  J^  mg.  of  epinephrin.  In 
C,  136  (caffein  140  mg.),  death  occurred  soon  after  the  pressure 
had  returned  to  normal  after  an  injection  of  ^i^  mg.  of  epinephrin. 
This,  of  course,  could  be  a  coincidence. 

AORTIC    COMPRESSION 

The  aorta  was  compressed  against  the  vertebral  column  by 
the  finger  introduced  through  a  small  cut  in  the  thoracic  wall. 
The  compression  was  maintained  until  there  was  no  further  rise 
in  the  blood  pressure. 

The  results  are  shown  in  table  5. 

The  results  with  caffein  are  not  sufficiently  numerous  to  be 
reliable.  So  far  as  they  go,  they  indicate  that  doses  up  to  160 
mg.  do  not  impair  the  response  (considering  the  level  of  blood 
pressure) ;  but  the  large  dose  of  560  mg.  gave  very  much  less  than 
the  average  rise  for  that  level  of  blood  pressure  (55  mm.). 

Acute  cardiac  failure  was  of  common  occurrence  shortly  after 
the  compression: 
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TABLE  5 
Blood-pressure  Response  to  Aortic  Compression 

In  Experiment  C,  114,  the  dog  had  received  560  mg.  of  caffein  per  kg. 
The  blood  pressure  stood  at  55  mm.  The  aorta  was  occluded  twice 
in  rapid  succession,  each  time  for  20  seconds,  the  pressure  rising  to  70 
and  80  mm.     The  heart  failed  3  minutes  later. 

In  C,  115,  350  mg.  of  caffein,  pressure  had  fallen  to  30  mm.,  heart 
weak.  Aortic  compression  of  25  seconds  raises  pressure  to  55  mm.  The 
heart  continues  to  fail  and  stops  2  minutes  later. 

This,  however,  was  not  constant,  and  it  is  doubtful  whether  im- 
portance can  be  attached  to  it. 


DOSAGE   OF    CAFFEIN 

LEVEL  OF  BLOOD 
PRES8DRB 

AVERAGE    RISE 

RISE  IN  INDIVIDUAL  ANTMAL8 

f  <45 

20 

0 

-j     50-80 
[  >90 

77i 
651 

70    85 

65.80.45.60.78.80.105.30. 

70.33.100.40 

[  <45 

20 

20 

5  to  40 

\     50-80 
[  >90 

441 
55 

48  60  40.30 

55 

60  to  160 

r<45 

\     50-80 

19 
75 

50.8.0 

95.55 

350  to  560  

/<45 
\    50-80 

25 
25 

25 

25 

COMPRESSION   OF  BOTH   CAROTID  ARTERIES 

One  carotid  artery  being  ligated  for  the  insertion  of  the  ma- 
nometer cannula,  we  noted  the  effect  of  temporarily  compressing 
the  other  (right)  carotid — usually  for  one  minute.  As  is  well 
known,  the  occlusion  of  both  carotid  arteries  causes  a  persistent 
rise  of  blood  pressure. 

This  is  generally  attributed  to  anemic  stimulation  of  the  vasomotor 
center.  We  rather  question  this  explanation.  With  the  use  of  our 
perfusion  method,  the  results  are  variable  and  slight,  indicating  that 
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the  central  stimulation  cannot  be  very  powerful.  On  the  other  hand, 
we  have  found  that  the  oncometric  volume  of  the  kidney,  spleen  and 
intestine  is  generally  increased  as  the  pressure  rise,  although  occasion- 
ally there  is  evidence  of  constriction.  The  excursions  of  the  Huerthle 
manometer  also  tend  to  increase  as  the  pressure  rises.  These  data 
indicate  that  the  central  vasomotor  stimulation  is  uncertain  and  rela- 
tively weak,  and  that  the  main  element  in  the  rise  is  cardiac. 

The  effect  of  caffein  on  this  rise  is  shown  in  table  6: 


TABLE  6 
Blood-pressure  Response  to  Carotid  Compression 


DOSAGE  OP  CAFFEIN 

LEVEL  OF  BLOOD 
PRESSURE 

AVERAGE  RISE 

RISE  IN  INDIVIDUAL  ANIMALS 

0 

5-20 

40-100 

140-200 

f  <45 
I     50-80 
I  >90 

r     50-80 
\  >90 

/     50-80 
\>90 

f     50-80 
\  >90 

<45 

6 

37 

4 
42 

3i 
23i 

7 
5 

3 

6 

5.8 

20.50.25.40.25.60 

4 
75.20.30 

3.4 
12.22.30.30 

7.5.10 

>300 

5 
3 

Here  again  it  is  fairly  clear  that  the  smaller  doses  of  caffein 
do  not  influence  the  reaction;  but  doses  above  40  mg.  per  kg, 
plainly  give  less  reaction. 


CAROTID   TRACTION   REFLEX 


Sollmann  and  Brown^^  showed  that  traction  on  the  cephalic 
end  of  the  carotid  artery,  and  thereby  on  the  carotid  plexus,  sets 
off  a  reflex  which  lowers  the  blood  pressure  by  depressing  the 
heart.     The  path  of  this  reflex  has  not  been  traced.     Since  it  is 


'Sollmann  and  Brown:    Proc.  Soc.  Exp.  Biol,  and  Med.,  vol.  5,  p.  20,  1908. 
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prevented  by  nicotin,  it  must  pass  through  a  sympathetic  synap- 
sis, but  it  does  not  go  through  any  of  the  known  cardiac  nerves. 
The  fall  of  blood  pressure  is  accompanied  by  a  fall  of  the  onco- 
metric  organ-volume  and  by  diminished  excursion  of  the  mem- 
brane manometer.  The  vasomotor  center  is  sUghtly  stimulated, 
for  the  perfusion-flow  is  generally  slowed.  (The  traction  was 
appUed  during  closure  of  both  carotid  arteries). 
The  effects  of  caflfein  on  this  reaction  are  shown  in  table  7. 

TABLE  7 
Blood-pressure  Response  to  Carotid  Traction 


DOSAGE  OP  CAFFEIN 


5-20 


LEVBL  OF  BLOOD 
PKE88CRE 


AVERAGE  FALL       '     FALL   IN    INDITIDUAI.  ANIMALS 


f     50-80  15 

\  >90  28 

/     50-80  32 

\  >90  28 


/     50-80  19 

\  >90  17 


20.12.14 

40.20.30.40.12 

13.50 

65.20.0 

18.8.6.15.50 

22.25.3 

4.5.5 

15.18 

40-100 

I  ^' 

.  .^  «««  /     50-80  4f 

1^<^^ ;  \>90  16^ 

I  ' 

350 ;  50-80  12  !  12 

Here  once  more  small  doses  of  caffein  have  no  positive  effect, 
whilst  doses  above  40  mg.  lessen  the  reaction  very  materially. 

We  also  attempted  to  investigate  the  reaction  to  cerebral  covi- 
pression  (dural  injections  of  saline  solution  under  pressure); 
but  the  proceeding  seemed  to  cause  so  much  and  so  uncertain 
damage  in  the  two  experiments  (C,  120 and  127),  that  it  was  judged 
unsuitable  for  comparative  observations. 

INTRAVENOUS  INJECTION  OF  CAFFEIN 

When  caffein  is  injected  rapidly  into  a  vein,  it  causes  an  acute, 
but  short  fall  of  blood  pressure,  which  is  due  to  cardiac  weakening, 
as  we  shall  show  in  another  paper.     The  influence  of  the  previous 
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doses  of  caffein  on  this  fall  is  shown  in  table  8.     (From  10  to  20 
mg.  of  caffein  per  kg.  were  used  for  producing  the  reaction.) 

TABLE  8 
Blood-pressure  Fall  Intravenous  Caffein  Injection 


DOS\OE   OF   CAFFEIN 

LEVEL  OF  BLOOD 
PRESSURE 

AVERAGE  FALL 

NUMBER  OF  ANIMALS 

5    to  20 

'  <45 
'      50-80 
.  >90 

f  <45 
\     50-80 
I  >90 

f  <45 
]     50-80 
[  >90 

r<45 

\     50-80 

2                                 4 
10                                13 

40  to  100 

28 
4 

m 

33 

6 

7 
16 

0 
2 

28 

3 
20 

140  to  200 

24 
5 

>300 

14 
5 

3 

8 

Here,  doses  of  caffein  up  to  100  mg.  do  not  affect  the  reaction, 
larger  doses  diminish  and  eventually  abolish  the  fall. 


SUMMARY   AND    DISCUSSION 

The  blood  pressure  response  to  circulatory  reactions — cardiac 
as  well  as  central  and  peripheral  vasomotor — is  materially  reduced 
when  the  level  of  the  blood  pressure  has  fallen  to  50  to  80  mm. ; 
and  below  45  mm.  these  reactions  are  almost  ineffective. 

This  must  be  taken  into  account  in  studying  the  specific 
influence  of  drugs  or  other  conditions  on  such  reactions. 

Caffein,  above  a  certain  dosage,  reduced  these  reactions;  a 
part  of  this  reduction  is  due  to  fall  of  blood  pressure;  but  the 
reduction  with  caffein  is  markedly  greater  than  obtains  for  the 
same  level  of  pressure  without  caffein.  With  most  of  '  the 
reactions,  the  specific  reduction  becomes  apparent  when  the 
dosage  of  caffein  exceeds  40  mg.  per  kilo;  with  other  reactions  a 
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somewhat  larger  dosage  appears  to  be  required — 60  to  140  mg. 
per  kg.  Doses  below  20  mg.  do  not  reduce  the  reactions.  In 
fact  they  rather  appear  to  increase  them,  but  these  differences 
are  not  sufficiently  large  and  constant  to  be  conclusive. 

The  consideration  of  the  nature  of  these  reactions  throws  some 
Hght  on  the  mechanism  of  these  specific  actions  of  caffein: 

The  lessened  response  to  sciatic  stimulation,  asphyxia  and 
tetanus  indicate  that  caffein  depresses  the  vasomotor  system. 
This  depression  is  not  central,  for  our  perfusion  method  shows 
that  the  vasomotor  center  continues  active  even  with  very 
large  doses  of  caffein.  The  depression  must  therefore  be  periph- 
eral. This  is  confirmed  by  the  relative  inefficiency  of  splanchnic 
stimulation  and  of  epinephrin. 

Caffein  in  large  doses  therefore  depresses  the  peripheral  vasomotor 
apparatus.  In  addition,  however,  caffein  interferes  also  with 
reactions,  which  are  largely  or  purely  cardiac.  The  response 
to  aortic  compression  does  not  become  reduced  until  a  high  dosage 
of  caffein  has  been  reached;  the  heart  also  continues  to  respond 
in  a  considerable  degree  to  epinephrin;  but  the  response  is  reduced. 
With  carotid  compression,  the  reduction  is  very  pronounced. 

Caffein  in  large  doses  therefore  reduces  the  efficiency  of  the  heart. 
It  will  be  shown  in  a  later  paper  that  this  lessened  efficiency  con- 
sists mainly  in  cardiac  dilation,  i.e.,  in  lessened  tone  of  the  car- 
diac muscle. 

There  is  also  marked  interference  with  those  cardiac  reactions 
which  result  in  a  fall  of  blood  pressure;  namely,  carotid  traction 
and  intravenous  injection  of  caffein.  This  is  presumably  also 
connected  with  the  cardiac  depressant  effect  of  large  doses  of 
caffein,  but  we  are  not  prepared  to  furnish  a  detailed  explanation. 

IV.  The  Effects  of  Caffein  ox  the  Vessels  of  Excised 
Organs.  A  Method  of  Demonstrating  Vasodilator 
Actions 

In  the  preceding  section,  we  adduced  e\4dence  that  caffein 
must  have  a  peripheral  depressant  action  on  blood-vessels;  ade- 
quate doses,  for  instance,  diminish  the  response  to  splanchnic 
stimulation  and  to  epinephrin.     "We  attempted  to  demonstrate 
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this  directly  by  post  mortem  perfusion  of  dogs'  kidneys  with 
warmed  normal  saline  solution;  measuring  the  outflow  and  the 
kidney  volume,  first  with  the  pure  solution,  then  with  the  addition 
of  various  proportions  of  caffein.  We  found,  however,  that  caf- 
fein  concentrations  from  1 :10,000  up  to  1 :100  produced  very  little 
effect. 

It  occurred  to  us  that  this  failure  might  be  due  to  the  fact  that 
the  vessels  are  already  partly  dilated  after  death;  and  that  caffein 
whilst  it  did  not  produce  an  active  dilation,  might  still  prevent 
constrictor  effects.  We  therefore  tried  whether  the  constrictor 
response  to  epinephrin  perfusion  could  be  influenced  by  caffein; 
by  comparing  the  effects  of  perfusion  with  epinephrin  solution, 
with  those  of  mixtures  of  epinephrin  and  caffein.  As  will  be 
seen  in  the  tabulation  at  the  end  of  this  paper,  this  was  indeed 
the  case:  Even  dilutions  of  1:10,000  reduces  the  epinephrin 
constriction  to  a  remarkable  degree;  1:1000  gave  a  still  greater 
reduction— the  absolute  result  depending  on  the  relative  propor- 
tion of  the  two  agents. 

We  have  not  tried  this  experiment  on  other  organs,  but  there 
is  no  reason  to  anticipate  that  the  results  would  be  different;  nor 
have  we  tested  caffein  against  other  constricting  agents,  but  the 
analogous  effects  of  caffein  on  all  the  constrictor  reactions  in  the 
intact  animals  would  lead  us  to  expect  a  similar  behavior.  It  is 
scarcely  necessary  to  point  out  that  this  method  of  simultaneous 
perfusion  with  antagonistic  drugs  may  have  other  valuable 
applications. 

Quite  a  number  of  observations  on  caffein-perfusion  of  excised  kid- 
neys are  on  record.  These  show  a  general  tendency  to  dilation,  but 
very  often  there  was  no  result.  The  difference  can  probably  be  explained 
by  the  presence  or  absence  of  a  pre-existing  vasoconstriction: 

Robert,  '86:  Found  1:1000  negative;  1.2:1000  gave  fair  dialation. 

Munk,  '87:     Slight  increase  of  flow. 

Sakusoff,  '04:  1:1000,  increase. 

Beco  and  Plumier,  '06:  Caffein,  theophyllin  and  theobromin  caused 
marked  increase  in  kidney,  less  powerful  in  leg;  with  caffein,  the  dila- 
tion appeared  to  be  preceded  by  constriction. 

Sollmann  and  Hatcher,  '08:  1:20,000  to  1:10,000  no  increase  in 
sixteen  experiments,  fair  increase  in  one. 
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CONCLUSIONS 

This  furnishes  definite  proof  that  caffein  produces  a  peripheral 
vasomotor-depression;  but  this  action  appears  to  differ  from  that 
of  chloral  and  hydrocyanic  acid;  for  these  drugs  dilate  the  renal 
vessels  directly,  whilst  the  caffein  acts  only  by  preventing  con- 
striction. 

The  concentrations  of  caffein  which  proved  effective  for  this 
purpose  indicate  that  ordinary  therapeutic  doses  must  have  this 
effect,  for  a  concentration  of  1:10,000  would  correspond  to  a  dose 
of  0.1  mg.  per  kilo,  if  this  were  evenly  distributed  through  all 
the  tissues,  and  this  would  correspond  to  7  mg.  or  f\  grain  for 
a  70  kg.  patient. 

Tabulation  of  Post-Mortem  Perfusion  Experiments.      The  Changes  Are  Stated  in 

Terms  of  Arbitary  Units 


CHANGE  IN 


EXPERIMENT  C,  140 


Oncometer 


Caffein.  1 :1000 +0.2 

Caffein.  1 :100 +0. 12 

Epinephrin,  1  rlOO.OOO —11.3 

Epinephrin.  1 :100,000+caffein  1:100 —5.9 

Difference  with  caffein +5 . 4 

Epinephrin,  1 :500,000 —0.3 

Epinephrin,  1 :500,000+caffein  1 :100 —0.4 

Difference  with  caffein l    — 0.1 

Epinephrin,  1 :333,000 +0.4 

Epinephrin,  1 :333,000+caffein  1 :1000 +0.5 

Difference  with  caffein +0 . 1 

Epinephrin,  1 :100,000 —1.0 

Epinephrin,  1 :100,000+caffein  1 :1000 —0.5 

Difference  with  caffein +0.5 


Flow 


+0.5 

+3.65 
Completely  arrested 
Not  completely 
arrested 

+0.8 

—1.4 
—0.9 
+0.5 

—1.0 

+2.2 
+3.2 

Completely  arrested 
Not  completely 
arrested 
+2.2 
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EXPERIMENT  C,    141 


Caffein,  1:10,000 

Caffein  1:1000 

Epinephrin  1 :333,000 

Epinephrin  1 :333,000+caffein  1 :10,000 

Epinephrin  1 :333.000+caffein  1:1000.  . 

Difference  with  caffein,  1:10,000 

Difference  with  caffein,  1 :1000 


CHANGE  IN 

Oncometer 

Flow 

+0.1 

0 

+0.3 

+0.8 

—7.0 

Arrested 

-^.5 

Not  completely- 

. 

arrested 

—1.2 

Not  completely 

arrested 

+2.5 

+0.6 

+5.8 

+3.8 
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INTRODUCTION 

When  caffein  is  injected  into  a  vein,  the  typical,  persistent 
effects  which  were  described  in  the  first  paper,  are  complicated 
by  the  acute  actions  of  the  concentrated  caffein  solution  on  the 
circulatory  apparatus.  The  results  are  fairly  uniform  in  their 
main  features,  although  there  are  quantitative  differences  which 
render  the  total  picture  quite  complex.  In  analyzing  these,  we 
have  found  it  convenient  to  divide  the  phenomena  into  periods, 
corresponding  to  changes  in  the  blood  pressure,  as  illustrated  in 
fig.  1: 
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At  the  beginning  of  the  injection,  the  blood  pressure  rises 
slightly  by  5  or  10  mm.  (period  1=5  seconds).  Then  it  falls 
immediately  by  about  30  mm.  (period  11  =  15  seconds).  Within 
a  few  seconds  after  the  completion  of  the  injection,  it  begins  to 
recover  rapidly.  This  acute  rise  (period  III)  is  completed  in 
about  half  a  minute.  The  level  reached  may  be  the  original,  or 
shghtly  above,  or  more  or  less  below.  The  further  changes 
(period  IV,  2  minutes;  period  V,  4  minutes)  are  variable,  but  not 


^<3H     i    ! 


lilt^    TST 


/P«| 


FIG.    1.      EFFECTS  OF  CAFFEIN  ON    SPLEEN-VOLUME    (UPPER    TRACING),    AND     MEAN 
BLOOD   PRESSURE    (EXPERIMENT  C,    134) 

Ten  milligrams  of  cafifein  after  a  preceding  injection  of  10  mg.     (The  Roman 
numerals  indicate  the  successive  stages  of  the  action,  as  explained  in  Paper  V). 


very  extensive.  Within  five  or  ten  minutes  after  the  completion 
of  the  injection,  the  blood  pressure  has  usually  reached  a  fairly 
constant  level. 
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PRIMARY  RISE THE  FIRST  PERIOD 

As  the  injection  enters  the  vein,  the  blood  pressure  shows  a  small 
abrupt  rise  of  5  to  10  mm.  (fig.  2).  This  is  accompained  by  a  cor- 
responding elevation  of  the  oncometer,  so  that  it  must  be  essen- 
tially cardiac.     There  may  be  some  stimulation  of  the  vasomotor 


FJG.  2.      CAFFEIN  40  MG.  PER  KG.,  INTRAVENOUS,    EXPERIMENT  C,  109-4 

VAGI   INTACT 

Dog  had  previously  received  30  mg.     Uppir  tracing,  membrane  manometer; 
second  tracing,  mercury  manometer;  lowest  tracing,  flow  from  perfused  spleen. 

center  as  shown  by  diminished  perfusion  flow;  but  the  oncometer 
shows  that  the  cardiac  element  predominates.  (Experiments 
C,  136  and  137.) 

This  primary  rise  is  not  characteristic  of  caffein,  but  may  be 
referred  to  the  acute  influx  of  fluid. 
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ACUTE  FALL THE  SECOND  PERIOD 

This  is  characterized  by  an  acute  fall  of  blood  pressure,  which  is 
invariably  accompanied  by  a  synchronous  and  fairly  proportional 
fall  of  the  oncometer  (figs.  3  and  4).     This  correspondence  is 


N'vy^/ 


FIG.  3.      CAFFEIN  (10  MG.)  ON  ONCOMETEK  (MIDDLE  TBACING)  AND  BLOOD  PRESSURE 

(lower  tracing) 

The  kidney  oncometer  tracing  is  plotted  from  the  readings.     It  is  of  the  type 
"A2"  (Experiment  C,  145).     The  cat  had  received  10  mg.  of  caffein. 
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seen  whether  the  oncometer  is  attached  to  the  kidney,  spleen  or 
intestine,  in  dogs  or  in  cats.  The  blood  pressure  fall  is  therefore 
essentially  cardiac. 

The  vasomotor  center  indeed  usually  gives  some  evidence  of 
stimulation  (i.e.,  slowing  of  the  perfusion  flow;  see  fig.  2);  this 


^W^' 


/-/   yCA^  «^^|' 


PIG.   4.      CAFFEIN  20  MG.     ON   KIDNEY    ONCOMETER     (uPPER    TRACING)     AND     BLOOD 
PRESSURE    (second   TRACING) 

The  oncometer  tracing  is  of  the  type  "K2."     The  dog  (C,  135-5)  had  received 
115  mg.  of  caffein;  the  heart  is  very  arthymic. 
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may  be  indirect,  due  to  the  central  anemia  from  the  fall  of  bleod 
pressure.     The  respiratory  center  is  similarly  stimulated  (fig.  5). 

The  simultaneous  fall  of  blood  pressure  and  oncometer  has  been  de- 
scribed by  the  previous  investigators  (Philips  and  Bradford,  '87,  Gott- 
lieb and  Magnus,  '01;  Loewi,  Fletcher  and  Henderson,  '05).  Roy  and 
Sherrington,  '87,  observed  a  simultaneous  decrease  of  the  brain  volume. 


FIG.   5.      EFFECTS    OF    CAFFEIN    ON  RESPIRATION    AND    BLOOD     PRESSURE     (EXPERI- 
MENT C,    110-1) 

Injection  of  16.5  mg.  of  caffein  per  kg,  (vagi  divided).  Upper  tracing,  res- 
piration from  tambour  connected  with  trachea,  with  open  side-tube.  Middle 
tracing,  carotid  pressure  tracing  by  Harvard  membrane  manometer.  Lower 
tracing  mean  pressure  by  damped  mercury  manometer.  The  signal  line  in  all 
the  figures  represents  zero  pressure  of  the  mercurial  manometer. 

All  the  tracings  are  reduced  to  about  f  natural  size.  They  read  from  left 
to  right,  the  drum  moving  about  17  mm.  per  minute. 
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Phillips  and  Bradford  considered  the  fall  of  blood  pressure  as  cardiac ; 
but  they  believe  that  the  fall  of  the  oncometer  is  not  due  to  the  fall  of 
blood  pressure.  Their  evidence  for  this  conclusion  is  rather  unsatis- 
factory. They  base  it  mainly  on  failure  of  the  two  curves  to  correspond 
precisely.  It  seems  to  us,  however,  that  the  kidney  volume  could 
scarcely  be  expected  to  follow  the  blood  pressure  instantly  and  exactly, 
since  other  vascular  areas  are  also  involved.  As  a  matter  of  fact,  their 
experiments  show  a  reasonable  correspondence  of  the  two  curves,  safe 
in  the  rare  cases  in  which  the  blood  pressure  does  not  fall.  In  these 
one  may  assume  that  the  central  vaso-constrictor  factor  is  unusually 
pronounced.  However,  such  a  strong  and  universal  vasoconstriction 
as  they  assume  in  explanation  of  the  fall  of  oncometer,  seems  quite 
incompatible  with  a  fall  of  blood  pressure,  unless  the  heart  were  enor- 
mously weakened,  much  more  so  than  corresponds  to  the  actual  obser- 
vations. 

They  found,  further,  that  the  fall  of  blood  pressure  and  oncometer 
occurred  after  section  of  the  splanchnics,  so  that  the  vaso-constriction 
which  they  assumed  would  be  due  to  a  peripheral  action  on  the  vessels. 
Our  perfusion  experiments  refute  this  assumption.  In  fact,  the  persist- 
ence of  the  actions  after  section  of  the  splanchnics  speaks  very  strongly 
for  their  cardiac  origin.  The  contraction  of  the  brain-volume  also 
conforms  better  to  the  cardiac  explanation. 

Further  evidence  that  the  acute  fall  is  mainly  cardiac,  is  fur- 
nished by  the  fact  that  it  may  occur  when  the  vasomotor  center 
has  been  destroyed — although  the  low  blood  pressure  generally 
interferes  with  a  typical  fall. 

The  cardiac  inefficiency  is  not  due  to  altered  heart-rate,  for  the  rate 
is  actually  increased  during  the  fall  (for  instance,  in  experiment 
C,  124,  with  the  second  injection  of  10  mg.  of  caffein,  the  rate 
before  injection  was  31  beats  per  ten  seconds;  during  the  fall  it 
rose  to  40  beats;  afterwards  it  increased  further  to  45  beats). 

An  attempt  was  made  to  obtain  an  explanation  of  the  mechanism  of 
the  fall  by  measuring  the  systolic  and  diastolic  excursions  of  the  mem- 
brane manometer.     The  results  are  shown  in  the  following  table. 

With  normal  blood  pressure,  therefore,  the  systolic  pressure  falls  less 
than  the  diastolic  pressure,  so  that  excursions  appear  increased  (see 
figs.  2  and  5);  with  low  blood  pressure,  the  systolic  falls  as  much  or 
more  than  the  diastolic  pressure,  so  that  the  excursions  appear  dimin- 
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Over 

100  mm. 

Below  100  mm. 

More  than  the  systolic,  resulting  in  great- 
er excursions 

Same  as  the  systolic,   resulting  in  same 
excursions 

20 
3 
4 

1 
g 

Less  than  the  systolic,,  resulting  in  smaller 
excursions 

9 

ished.  (Phillips  and  Bradford  also  found  the  excursion  of  the  spring 
manometer  lessened.) 

A  decrease  in  the  cardiac  output — ^vvhich  is  proven  by  the  fall  of  the 
oncometer — would  be  supposed  to  lessen  the  systolic  pressure  at  least 
as  much  as  the  diastolic.  Consequently,  there  must  be  some  other 
factor  to  account  for  the  smaller  fall  in  systolic  pressure.  Two  such 
factors  occur  to  us: 

a  Altered  relative  duration  of  systole  and  diastole:  The  shorter 
the  systole,  the  less  blood  could  escape  from  the  aorta  into  the  periph- 
eral vessels  during  the  time  of  contraction.  Inversely  the  longer  the 
diastole,  the  more  will  the  diastolic  pressure  fall. 

h  Vasodilation:  The  reduction  of  aortic  pressure  by  escape  of 
blood  into  the  peripheral  vessels  must  be  more  pronounced  in  the  natur- 
ally longer  diastolic  period,  and  this  would  be  exaggerated  by  any  vaso- 
dilation. 

We  have  not  investigated  whether  there  is  actually  a  shortening  of 
the  systole,  relative  to  the  diastole,  but  we  have  shown  that  caffein 
is  capable  of  producing  pronounced  vasodilation.  This  factor  is  also 
favored  by  the  fact  that,  when  the  blood  pressure  is  low,  the  systolic 
pressure  falls  as  much  or  more  than  the  diastolic  pressure,  for  when 
the  blood  pressure  is  low,  the  vessels  are  already  dilated,  the  vasodilator 
action  would  therefore  not  be  as  effective,  and  hence  the  fall  of  diastolic 
pressure  could  not  be  so  conspicuous. 

It  would  appear,  thei:efore,  that  there  is  a  vasodilator  factor 
in  the  second  period,  although  this  is  overshadowed  by  the  car- 
diac weakening.  The  direct  proof  of  the  latter  will  be  presented 
by  one  of  us  (Pilcher)  in  a  later  paper. 

The  influence  of  various  factors  on  the  caffein  fall.  We  have  already 
discussed  the  influence  of  low  blood  pressure  (see  part  II)  and  the 


74 


TORALD    SOLLMANN    AND    J.    D.    PILCHER 


influence  of  preceding  doses  of  caffein  (part  III).  Low  blood 
pressure  interferes  with  the  caffein  fall  just  as  it  interferes  with 
other  circulatory  reactions,  presumably  by  altering  the  mass  of 
actively  circulating  blood.  Large  doses  of  caffein  interfere  with 
the  fall;  indirectly  through  lowering  the  level  of  blood  pressure, 
and  also  directly,  presumably  by  the  permanent  cardiac  depres- 
sion. 

We  still  have  to  consider  certain  other  factors:  The  effect 
increases,  naturally,  with  the  concentration  of  the  caffein  in  the 
blood,  and  therefore  with  the  quantity  introduced  with  each  dose 
(see  fig.  12  of  first  paper),  until  the  maximal  fall  of  about  35  mm.  is 
reached. 

This  is  illustrated  by  the  following  two  experiments: 


FALL  OF  BLOOD  PRESSURE 

Experiment  C,  111 

Experiment  C,  113 

mg. 

mm. 

mm. 

2 

7 

5 

12 

12 

10 

30 

18 

20 

30 

35 

The  rate  of  injection,  however,  has  even  much  more  influence 
on  the  concentration  and  therefore  on  the  acute  fall: 


EXPERIHENT  C,  114 

DOSE  OF 
CAFFEIN 

FALI,  OF  BLOOD 
PRESSURE 

DOSE 

FALL 

Very  fast  injection 

mg. 

3 

2 
5 

20 

8 
4 

20 
20 
20 

35 

Moderately  fast 

15 

Slow  injection. . , 

0 

On  the  other  hand,  it  matters  very  little  into  which  vessel  the 
injection  is  made,  as  shown  by  experiments  in  which  the  same 
dose  of  caffein  (20  mg.)  was  injected  with  nearly  equal  speed  into 
various  vessels  (usually  controlled  by  several  injections) : 
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FALL  OF  BLOOD  PBEaBURX  WITH  INJECTION  INTO 

EXFERIUKNT  NO. 

Femoral  Vein 

Jugular  Vein 

Cephalic   End  of 
Carotid  Artery 

mm. 

mm. 

mm. 

131 

8 

8 

132 

10 

10 

133 

20 

20 

134 

35 

40 

135    

15 

15 

Considering  the  importance  of  the  cardiac  factor,  it  is  rather 
surprising  that  the  effects  are  just  as  great  on  femoral  and  carotid 
injection,  as  when  made  directly  into  the  jugular  vein.  Evi- 
dently, the  caffein  does  not  undergo  much  extra  dilution  on  its 
first  passage  through  these  vascular  areas. 

Division  of  the  vagi  does  not  influence  the  fall. 

In  conclusion,  then,  the  second  period  is  characterized  by  a  rapid 
fall  of  blood  pressure,  in  which  cardiac  depression  predominates, 
probably  aided  by  peripheral  vaso-depression. 

It  is  worthy  of  incidental  notice  that  similar  falls  of  blood  pressure 
occur  on  the  intravenous  injection  of  very  many  drugs,  and  occasionally 
even  with  saline  injectioD.'^  We  have  also  found  indications  that  the 
acute  curare  fall  is  predominantly  cardiac.  In  a  previous  paper  (Amer. 
Joum.  of  Physiology,  1910, 26 :238)  we  concluded  that  the  curare  fall  must 
be  vascular,  since  it  lessened  the  eflficiency  of  sciatic  stimulation.  The 
force  of  this  argument  is  removed  by  our  observations  on  the  influence  of 
low  blood  pressure  on  vascular  reactions.  On  the  other  hand,  we  have 
found  that  the  oncometer  follows  the  blood  pressure,  indicating  that 
the  curare  fall  is  cardiac.  We  are  following  up  these  investigations,  but 
take  this  opportunity  to  correct  our  tentative  conclusion. 

These  falls  are  currently  attributed  to  "endocardial  irritation,"  what- 
ever these  may  mean.  Until  the  general  phenomenon  has  been  cleared 
up,  it  is  not  possible  to  say  in  how  far  an  acute  fall  of  this  kind  is 
specific  for  a  drug. 

Swirski,  '04,  concluded  that  the  fall  would  not  be  cardiac,  because  it 
is  not  observed  after  chloral  or  after  section  of  the  medulla  (but  he  was 
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of  course  unaware  of  the  interference  of  low  blood  pressure  with  cardiac 
reactions  which  also  misled  us  in  the  case  of  curare).  He  therefore 
assumed  that  the  fall  must  be  due  to  central  vasodilation;  on  the  other 
hand,  he  considered  that  there  was  scarcely  time  for  the  drug  to  reach 
andacfconthe  vasomotor  center,  and  therefore  the  assumed  depression 
of  the  vasomotor  center  must  be  reflex.  This  reflex,  he  assimaed,  was 
due  to  endocardial  irritation;  as  the  fall  is  not  prevented  by  section  of 
the  depressors,  the  impulse  must  travel  through  some  other  nerve. 
Our  demonstration,  that  the  fall  is  directly  cardiac,  makes  this  hypo- 
thetical reflex  superfluous. 

LATER  CHANGES — THE  THIRD  PERIOD 

After  the  blood  pressure  and  oncometer  have  fallen  to  their 
minimum,  they  again  rise  promptly;  the  heart-rate  increases 
further,  the  slowing  of  the  vein  flow  (central  vasomotor  stimula- 
tion) passes  off  or  is  replaced  by  actual  quickening  (depression) ; 
the  membrane  manometer  excursions  remain  somewhat  increased 
in  the  diastolic  direction. 

The  rise  of  blood  pressure  and  oncometer  may  be  partial,  com- 
plete, or  excessive.  The  two  are  usually  more  or  less  parallel, 
indicating  the  predominance  of  the  cardiac  factor — namely,  recov- 
ery from  the  preceding  depression,  or  actual  cardiac  stimulation. 
The  further  increase  of  rate  may  perhaps  aid  in  the  rise,  but  it 
is  not  an  important  element.  Quite  often,  the  rise  of  the  oncom- 
eter is  relatively  greater  than  that  of  the  blood  pressure,  indi- 
cating the  presence  of  a  dilator  factor  (see  fig.  1).  The  exagger- 
ated diastolic  excursions  (fig.  2)  point  to  the  same  conclusion. 
The  quickened  flow  may  be  attributed  to  the  relief  of  the  preced- 
ing anemic  stimulation  of  the  vasomotor  center.  Very  excep- 
tionally, the  oncometer  may  continue  to  fall  whilst  the  blood 
pressure  is  rising,  indicating  an  effective  vaso-constriction,  pre- 
sumably from  central  stimulation — but  as  indicated,  this  is  a 
rare  exception. 

Cat  147  may  serve  as  an  example  of  this  exceptional  vaso-constric- 
tion. 

Caffein  5  mg.  caused:../  Changes  in  blood  pressure:      135-30+604-10-35=^140 
\  Changes  in  spleen  oncometer:  172  —  11—  3+15—  0  =  175 
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Further  injection  of  10  mg:.  |  Change,  in  blood  pressure:  140-20+40-10-10=  140 

\  Changes  in  oncometer:        175-10-12+25-4  =  174 

The  next  injection  of  15  mg.  1  _,  .    ,,      ,  ,  .^    «^  .  „  .    ^^    ,«^ 

however,  gave  the  typical    Changes  m  blood  pressure:     40-30+5^-20=  20 
result  Changes  in  oncometer:  174-32+/6+ll  =  169 

The  rise  of  blood  pressure  and  oncometer  are  apt  to  exceed  the 
original  (the  pressure  in  about  one-sixth  the  oncometer,  in  about 
one-third  of  the  experiments),  especially  when  the  total  dose  of 
caifein  has  been  moderate  (see  fig.  3).     In  these,  therefore,  a 


FIG.  6.       mXRAVENOUS    INJECTION    OF    CAFFEIX    AFTER    LARGE    DOSES    HAVE    BEEN 
ADMINISTERED   (EXPERIMENT  C,    13^3) 

Upper  tracing,  spleen  oncometer,  lower  mercurial  manometer,  H,  heart  rate 
in  ten  seconds,  0,  oncometer  reading.  The  animal  had  received  80  mg.  of  caf- 
fein  per  kg;  at  the  first  signal  further  20  mg.  were  injected  into  the  jugular 
vein,  the  second  signal  {CC)  marks  the  occlusion  of  both  carotids.  The  oncom- 
eter tracing  is  of  the  type  "O  6.'' 
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fair  degree  of  actual  cardiac  stimulation  must  be  assumed.  After 
large  doses  have  been  given,  the  blood  pressure  recovers  but  im- 
perfectly, and  the  oncometer  still  less  perfectly  (fig.  6) ;  this  may 
be  explained  by  cumulative  depression  of  the  heart. 


FIG.   7.      CAPFEIN    ON    SPLEEN    ONCOMETER    (UPPER    LINE)    AND     BLOOD     PRESSURE 

Injection  of  5  mg.  of  caflein  after  previous  administration  of  5mg.     Oncom- 
eter is  of  type  "Co." 


THE     FOURTH    PERIOD 


When,  with  the  end  of  the  third  period,  the  abrupt  rise  of  blood 
pressure  is  completed,  the  changes  occur  more  gradually,  and 
assume  various  directions.     These  may  perhaps  be  best  classified 
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according  to  the  behavior  of  the  oncometer:  (a)  In  nearly  haK 
the  cases  (ff),  the  oncometer  rises,  generally  as  a  direct  continu- 
ation of  the  rise  of  the  third  period.  The  blood  pressure  may 
abo  continue  to  rise  (figs.  3  and  7),  but  in  a  somewhat  greater 
number  of  observations,  the  pressure  is  faUing  (fig.  1),  so  that 
the  vasodilator  factor  is  predominant  in  this  period. 

This  is  further  emphasized  by  a  few  cases  in  which  the  oncom- 
eter rise  started  only  in  this  period,  with  faUing  blood  pressure. 
The  dilator  action  therefore  tends  to  reach  its  maximum  some- 
what later  than  the  cardiac  strengthening,  but  in  many  cases 
they  are  fairly  synchronous. 

The  vasomotor  center  usually  again  shows  constriction  in 
this  period  (as  may  be  seen  in  the  outflow  record  of  fig.  12  of 
paper  I).  After  the  total  dosage  of  caffein  has  reached  100  mg. 
per  kilo,  it  is  very  exceptional  that  further  injections  produce  an 
oncometer  rise  in  this  period;  for  then  the  vessels  are  probably 
dilated  to  their  maximum,  whilst  the  cardiac  dilation  which 
becomes  permanent  at  this  time  (as  will  be  shown  in  a  later  paper) 
must  withdraw  considerable  blood  from  the  organs. 

b.  Whilst  the  oncometer  rises  in  nearly  half  the  cases,  as  just 
described  under  (a),  it  falls  in  a  nearly  equal  number.  In  the 
majority  of  these  (one-third  of  the  entire  series),  the  fall  starts 
in  this  period,  and  is  then,  almost  without  exception,  accompanied 
by  a  fall  in  blood  pressure.  Generally  the  oncometer  and  t)lood 
pressure  both  descend  below  the  original  level,  in  other  words, 
there  is  cardiac  depression.  This  is  the  typical  effect  of  the  later 
injections  (fig.  4). 

c.  About  a  fourth  of  the  falls  are  continuations  of  the  fall  of 
the  earUer  periods,  and  \\4th  these,  the  blood  pressure  is  usually 
stationary  or  rising,  indicating  a  (central)  vaso-constrictor  ele- 
ment— see  fig.  6. 

The  t3rpical  effects  of  the  fourth  period  therefore  consist  in: 
Passing  of  the  cardiac  stimulation,  or  increase  of  the  cardiac 
depression  (dilatation) . 

Strong  peripheral  vaso  depression. 

Central  vaso  stimulation,  ordinarily  ineffective. 
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THE    FIFTH   PERIOD 

This  usually  presents  merely  a  continuation  of  the  phenomena 
of  the  preceding  period  toward  a  constant.  In  most  instances, 
the  blood  pressure  continues  to  fall  toward  normal,  whilst  the 
oncometer  continues  to  rise.  In  other  words,  we  see  again  that 
the  vasodilation  outlasts  the  cardiac  stimulation  (compare  fig.  3) . 
The  vasomotor  center,  if  still  active,  shows  a  gradual  passing  of 
the  constriction. 

Persistent  changes  at  the  end  of  the  injection  period.  Comparing 
the  conditions  before  each  injection  with  those  pertaining  at  the 
end  of  the  fifth  period  (when  the  circulatory  phenomena  have 
reached  a  practically  constant  level),  the  following  changes  were 
found  to  persist:  The  oncometer  remained  above  normal  in  a 
little  over  a  third  of  the  observations  (28  times  in  77  observations) , 
in  a  slightly  greater  number  (33  times)  it  had  fallen  below  the 
original  level.  (In  the  remaining  16  observations,  it  had  re- 
turned to  normal.) 

The  final  changes  in  the  oncometer  are  therefore  fairly  evenly 
divided  between  increase  and  decrease. 

Of  the  28  observations  in  which  the  oncometer  remained  increased, 
the  blood  pressure  was  also  raised  in  10,  unchanged  in  12,  lowered 
in  6.  In  the  majority,  therefore,  the  final  changes  of.  oncometer 
and 'blood  pressure  are  not  parallel,  and  even  among  those  in 
which  they  were  parallel,  at  least  half  showed  a  materially  greater 
increase  of  the  oncometer  than  of  the  blood  pressure.  In  the  per- 
sistent oncometric  rise,  therefore,  the  cardiac  factor  plays  a  smaller 
role  than  the  vasodilation. 

In  the  experiments  in  which  the  oncometer  stood  nearly  nor- 
mal at  the  end  of  the  period,  the  blood  pressure  was  also  generally 
normal. 

In  the  observations  in  which  the  oncometer  had  fallen  below  the 
original  level,  the  blood  pressure  also  fell,  in  most  cases;  it  prac- 
tically never  rose.  This  shows  that,  in  the  fall  of  the  oncometer, 
the  cardiac  depression  is  dominant,  with  no  evidence  of  vaso-constric- 
tion. 
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The  following  shows  the  influence  of  the  total  dosage  of  caffein  on  the 
final  oneometric  response: 


NUMP'-T?  OF  OBSERVATIONS 

PRECEDING  DOSAGE  OF  CAFFEIN  WAS 

WAS 

Small 

Medium 

Large 

Higher 

7 
8 
9 

4 
10 

8 

Unchanged 

4 

Lower 

14 

It  will  be  seen  that  the  proportion  of  cases  showing  fail  of  oncometer 
is  distinctly  greater  after  larger  doses  of  caffein  had  been  injected.  This 
is  even  more  marked  in  relation  to  blood  pressure: 


NUMBER  OF  OBSERVATIONS 

PRECEDING  DOSAGE  OF  CAFFEIN  WAS 

PRESSURE  WAS 

Small 

Medium              !                Large 

Increased 

8 

10 

9 

i 
5                                3 

Unchanged 

7                               11 

Lowered 

13                               U 

The  persistent  changes  after  caffein  injection  may  therefore  he 
summarized  as:  constant  and  pronounced  vasodilation,  with  varying 
degrees  of  cardiac  stimulation  if  the  total  dosage  of  caffein  is  small, 
or  cardiac  depression  if  the  total  dosage  is  large. 

Results  of  previous  investigators.  Phillips  and  Bradford,  '87, 
described  the  secondary  expansion  of  the  kidney  volume  after 
the  injection  of  small  doses  of  caffein  (5  to  10  mg.  per  kilo). 
They  found  that  this  expansion  often  surpasses  and  outlasts  the 
rise  of  blood  pressure,  enduring  sometimes  for  20  to  30  minutes. 
It  was  also  observed  after  section  of  the  splanchnics.  Repeated 
doses  gave  less  dilation.  The  spleen  volume  showed  a  lesser 
increase.     The  skull  vessels  also  gave  evidence  of  expansion. 

The  increased  volume  of  the  splanchnic  organs  has  since  been 
abundantly  confirmed  i*  as  also  the  fact  that  it  is  generally  more 
pronounced  and  lasting  than  the  rise  of  blood  pressure. 

"For  instance Albanese,  '91;  Gottlieb  and  Magnus,  '01;  Loewi,  Fletcher  and 
Henderson,  '05;  Pearce,  Hill  and  Eisenbrey,  '10. 
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There  is,  consequently,  a  strong  vasodilation,  predominating 
over  any  cardiac  factor.  That  there  is  a  simultaneous  cardiac 
stimulation,  however,  is  indicated  by  the  rise  of  kidney  volume 
after  section  of  the  splanchnic  or  renal  nerves  (Phillips  and  Brad- 
ford, Loewi),  and  after  chloral  (Albanese),  and  also  by  the  simul- 
taneous increase  of  brain  volume  (Roy  and  Sherrington,  '87, 
Phillips  and  Bradford).  (The  experiments  by  which  Wiechowski, 
'02,  attempted  to  show  an  active  dilation  of  the  cerebral  vessels, 
are  not  conclusive.  AUiprandi,  '05,  claimed  that  the  cerebral 
vessels  are  constricted.) 

Summary  of  the  influence  of  the  total  dosage  of  cdffein  on  the  response 
to  acute  injection.  This  may  be  studied  by  comparing  the  records 
of  the  early  and  late  injections. 

The  earliest  injections  conform  to  the  general  type,  except  that 
the  magnitudes  of  all  the  changes  is  less,  corresponding  to  the 
smaller  doses  employed;  perhaps  the  acute  fall  in  the  second 
period  is  relatively  small,  but  of  this  we  could  not  be  quite  certain. 

The  late  injections  depart  from  the  type  especially  in  the  second 
period;  as  the  total  dosage  of  80  to  100  mg.  is  reached,  and  as  the 
blood  pressure  approaches  the  65-80  mm.  level,  the  acute  fall 
of  blood  pressure  tends  to  become  smaller,  whilst  the  acute  fall  of 
oncometer  becomes  relatively  greater;  in  other  words,  the  cardiac 
depression  seems  to  become  more  important. 

The  oncometer  also  shows  less  tendency  to  recovery  (see  fig.  6) 
in  the  third  and  later  periods. 

In  the  terminal  injections,  i.e.,  in  those  immediately  preceding 
death,  the  blood  pressure  and  oncometer  both  fall  gradually  or 
suddenly,  indicating  cardiac  failure. 

The  influence  of  total  dosage  on  the  oncometric  response  may  also 
be  seen  from  the  following  tabulation  of  the  highest  stand  reached  by 
the  oncometer  during  each  injection:  In  seventy-five  observations, 
covering  the  whole  range  of  dosage,  the  highest  stand  of  the  oncometer, 
in  one  period  or  another, 

Surpasses  the  original  level  in 53  per  cent 

Merely  returns  to  original  level  in 11  per  cent 

Remains  below  the  original  level  in 36  per  cent 
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Arranging  these  according  to  the  total  dosage  of  caffein,  we  find: 


^ ^ 

THK  oncomktkr: 

TOTAL  DOSAGE  OF  CAFFEIX 

Rises 

Remaloa  below 
normal 

mg. 

20 

30  to  90 

percent 

73 
54 
30 

percent    - 

27 
23 

100  and  over 

56 

All  doses 

53 

36 

This  shows  plainly,  that  as  the  total  dosage  increases,  oncometric 
rise  becomes  less  frequent,  and  oncometric  fall  becomes  more  frequent. 

Phillips  and  Bradford,  '87,  noted  that  the  oncometric  rise  becomes 
less  as  the  injections  are  repeated,  i.e.,  as  the  total  dose  is  increased. 
Loewi,  Fletcher  and  Henderson  '05  also  remarked  that  each  injection 
gives  less  expansion  when  the  dosage  of  about  40  mg.  per  kilo  is  exceeded. 

The  lesser  acute  rise  on  repeated  injection,  which  agrees  with 
our  experiments,  is  obviously  due  to  the  already  existing  partial 
dilation  of  the  vessels,  and  to  the  increasing  cardiac  depression. 

RELATIVE  EFFECT  ON  DIFFERENT  SPLANCHNIC  ORGANS 

Phillips  and  Bradford,  '87,  showed  that  the  spleen  volume  is 
increased  by  cafifein:  and  Loewi,  Fletcher  and  Henderson,  '05, 
demonstrated  increase  of  the  intestinal  oncometer.  It  is  often 
claimed,  however,  that  the  dilation  in  these  organs  is  less  exten- 
sive than  that  of  the  kidneys,  and,  therefore,  that  the  renal  dila- 
tion is  specific.  This  conclusion  would  only  be  warranted  if  the 
quantitative  comparisons  were  referred  to  the  same  cubic  area 
of  blood  channel,  which  is  ob\iously  impossible.  The  e\adence 
for  a  specific  action  on  the  renal  vessels  is  therefore  inconclusive. 

An  absolute  index  of  the  relative  vasodilation  effect  is 
furnished  by  the  proportion  of  injections  which  show  a  rise  of  the 
oncometer,  and  this,  therefore,  appears  to  us  a  fairer  basis  for 
comparison.  We  have  therefore  tabulated  the  oncometer  changes 
in  terms  of  percentage  of  the  total  number  of  observations  on 
each  organ: 
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The  highest  point  reached  by  the  oncometer,  as  compared  with  the 
level  before  each  caffein  injection,  is: 


NUMBER  OF  OBSERVATIONS 


PERCENTAGE   OF   EXPERIMENTS  SHOWING 

(18) 

(34) 

(23) 

Kidney 

Spleen 

Intestine 

Rise 

39 

51 
551 

47 
18 
35 

74 

Merely  recovery  to  normal 

4 

Recovery  incomplete 

22 

The  stand  of  the  oncometer  at  the  end  of  the  injection  period  com- 
pares as  follows : 


NUMBER  OF  OBSERVATIONS 

(27) 

(31) 

(19) 

• 

Kidney 

Spleen                Intestine 

Per  cent  rise 

Per  cent  recovery 

Per  cent  incomplete  recovery 

30 
20 
50 

30 
30 
40 

58 

0 

42 

Another  and  perhaps  even  more  conclusive  criterion  of  the  reluti"\e 
vasodilator  effect  is  furnished  by  the  comparison  of  the  duration  of  the 
rise  in  oncometer  and  blood  pressure,  for  if  the  oncometer  remains  high 
after  the  blood  pressure  falls,  this  means  that  the  local  dilator  factor  is 
more  powerful  than  the  general  cardiac  factor. 

Our  records  show  the  following  results: 


NUMBER  OF  OBSERVATIONS 

PERCENTAGE  IN  WHICH  THE  ONCOMETRIC  RISE  WAS 

(19) 

(15) 

(3) 

Kidney 

Spleen 

Intestine 

More  persistent  than  the  blood  pressure 
rise 

22 

63 
15 

33 

66 

7 

66 

Approximately  the  same  as  the  blood  pres- 
sure rise 

Shorter  than  the  blood  pressure  rise 

33 
0 
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These  figures  certainly  give  no  warrant  to  the  beUef  that  the 
dilator  action  of  caffein  is  especially  strong  on  the  kidney;  in  fact, 
the  kidney  and  spleen  behave  essentially  alike,  whilst  the  intes- 
tine appears  to  show  the  strongest  dilator  action.  We  would 
hesitate,  however,  to  attach  much  importance  to  the  last  con- 
clusion until  it  has  been  investigated  how  the  intestinal  muscu- 
lature reacts  to  caffein. 

The  reputed  vaso-constrictor  action  of  caffein.  The  older  writers 
believed  that  caffein  produces  a  powerful  vasoconstriction 
throughout  stimulations  of  the  vasomotor  center.  This  belief 
still  prevails  widely,  although  it  was  originally  based  upon  very 
slender  and  indirect  evidence.  It  was  only  with  the  introduction 
of  the  oncometer  that  positive  data  became  available,  and  these 
show  conclusively  that  the  moderate  rise  of  pressure  which  is 
observed  in  anesthetized  animals  is  in  most  cases  exclusively 
cardiac.  By  our  perfusion  method,  with  nerve  connections  intact, 
we  have  brought  direct  evidence  that  the  vasoconstrictor  center 
is  indeed  stimulated,  but  this  stimulation  is  rarely  effective  against 
the  peripheral  vaso-depressor  action  of  the  caffein.  The  dominant 
action  on  the  vessels  is  therefore  in  the  direction  of  dilation, 
instead  of  constriction.  In  exceptional  conditions  however,  the 
central  constriction  may  overcome  this  peripheral  depression; 
as  when  the  vasomotor  center  has  been  depressed  by  partial 
asphyxia,  or  when  the  animal  awakens  from  the  narcosis  and  strug- 
gles, etc.,  but  these  cases  are  rare  exceptions. 

The  vasoconstriction-theory  was  challenged  by  Albanese,  '91, 
on  the  basis  of  the  oncometer  results.  The  weakness  of  the  vaso- 
constrictor evidence  is  thoroughly  discussed  by  Loewi,  '05.  The 
theory  seems  to  have  originated  in  the  observation  of  Wagner,  '85, 
that  caffein  did  not  raise  the  blood  pressure  after  large  doses  of 
chloral.  He  assumed  that  this  had  paralyzed  the  vasomotor 
center,  but  his  own  experiments,  according  to  Loewi,  bear  evi- 
dence that  the  vasomotor  center  was  not  paralyzed,  since  it  still 
responded  to  asphj^a.  Wagner's  evidence  has  now  lost  all 
force,  since  it  has  been  shown  conclusively  that  caffein  may  raise 
the  blood  pressure  after  sections  of  the  cord  or  of  the  splanchnics, 
and  that  the  lessened  response  under  these  conditions  may  be 
attributed  simply  to  the  lowered  blood  pressure. 
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Von  Schroeder,  '86,  assumed  vasoconstriction  as  an  easy  explana- 
tion of  his  observation  that  caffein  is  not  usually  diuretic  in 
morphinized  rabbits,  but  that  it  is  always  effectively  diuretic  in 
chloralized  rabbits.  In  his  next  publication  ('87),  however,  he 
describes  that  paraldehyde  favors  the  diuresis,  just  as  does  chloral, 
although  the  blood  pressure  was  not  lowered,  and  therefore,  the 
vasomotor  center  was  certainly  not  paralyzed.  Evidently  then, 
if  the  morphinized  rabbits  really  showed  vasoconstriction,  this 
must  have  been  due  to  the  morphine,  and  not  to  the  caffein. 

Phillips  and  Bradford,  '87,  obtained  results  with  the  oncometer 
which,  in  fact,  disproved  the  vasoconstrictor  theory,  but  they 
failed  to  grasp  their  significance. 

Reichert,  '90,  and  Swirski,  '04  accepted  the  vasoconstrictor 
theory  without  any  further  evidence. 

PRINCIPAL    TYPES  OF  BLOOD-PRESSURE  AND  ONCOMETER  CHANGES 

To  comprehend  the  relations  and  the  relative  frequency  and 
importance  of  the  changes  which  have  been  described,  it  seems 
advantageous  to  present  them  diagrammatically.  In  this  way,  it 
was  found  that  the  majority  of  the  otherwise  complex  and  confusing 
tracings  could  be  reduced  to  a  few  principal  types,  as  shown  in 
fig.  8.     The  records  of  57  injections  were  used  in  this  analysis. 

Oncometer  Type  A  (see  figs.  1  and  3).  In  this  type,  the  onco- 
meter rises  continuously  through  the  third,  fourth  and  fifth 
periods,  reaching  a  level  generally  considerably  above  the  original. 
This  occurs  in  40  per  cent  of  the  injections,  and  is  the  most  fre- 
quent type  when  the  total  dosage  is  below  100  mg.,  and  may  be 
considered  the  characteristic  type  for  the  earlier  injections. 

The  blood  pressure  curves  correspond  mainly  to  types  1  and  2, 
some  to  type  3.  That  is,  the  blood  pressure  tends  to  rise  (cardiac 
stimulation)  but  to  a  considerably  less  degree  than  the  oncometer 
(vasodilation) . 

Oncometer  Type  C  (see  fig.  7).  After  rising  in  the  third  period, 
the  oncometer  starts  to  descend  in  the  fourth  period,  but  usually, 
does  not  fall  to  its  .original  level.  This  occurred  in  14  per  cent 
of  the  injections.     In  most  of  these,  the  blood  pressure  follows 
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the  oncometer  fairly  accurately  (type  2-cardiac  stimulation) 
but  in  a  few,  the  pressure  fell  more  rapidly  than  the  oncometer 
(vasodilation) . 

Oncometer  Type  K  (see  fig.  4).     In  this,  the  oncometer  starts  to 
recover  from  the  primary  fall,  but  remains  distinctly  below  the 


^ri'od 


Onco 


y^eier 


FIG.    8.      DIAGRAM   OF  THE   ACUTE   ONCOMETER  AND   BLOOD    PRESSURE    PHENOMENA, 

WITH   CAFFEIN   INJECTION 


original  level.  With  its  minor  variations,  this  type  comprises 
37  per  cent  of  the  injections.  It  is  especially  common  when  the 
total  dose  of  caffein  has  been  fairly  large,  and  it  may  be  considered 
the  characteristic  type  for  the  later  injections. 
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The  blood  pressure  usually  approaches  the  type  3;  i.e.,  it 
recovers  rather  better  than  the  oncometer.  This  shows  that  with 
this  late  type,  there  is  little  further  dilation. 

Oncometer  Type  0  (see  fig.  6) .  The  oncometer  does  not  recover, 
but  continues  to  fall,  as  also  the  blood  pressure  (type  4).  This 
type  (which  was  not  counted  in  the  above  57  records)  occurs 
usually  at  the  immediate  approach  of  death. 

SUMMARY 

The  intravenous  injection  of  caffein  produces  the  following 
acute  effects: 

1.  A  slow  and  slight  rise  of  blood  pressure  and  oncometer, 
referable  to  the  acute  influx  of  fluid.     This  is  followed  by 

2.  A  sharp  fall  of  blood  pressure  and  oncometer,  indicating 
acute  cardiac  depression.  The  oncometer  and  respiratory  cen- 
ters are  somewhat  stimulated  by  anemia.  The  heart  rate  is 
quickened.  There  is  also  some  indirect  evidence  of  peripheral 
vaso  depression. 

The  further  course  depends  upon  the  total  dosage  of  caffein: 

3a.  With  the  earlier  injections,  corresponding  to  small  and 
moderate  dosage,  the  blood  pressure  rises  somewhat  above  the  orig- 
inal level.  The  oncometer  shows  a  greater  and  more  persistent 
rise.  There  is  consequently  cardiac  stimulation  and  simulta- 
neous vasodilation — the  latter  being  the  more  persistent.  Very 
exceptionally  there  is  a  central  vaso-constriction. 

3b.  With  the  later  injections,  corresponding  to  larger  dosage, 
both  the  blood  pressure  and  especially  the  oncometer  recover 
only  imperfectly.  The  cardiac  depression  therefore  tends  to 
become  persistent,  and  the  additional  vasodilation  becomes  less 
(the  vessels  being  already  permanently  dilated). 

3c.  At  the  immediate  approach  of  death,  the  blood  pressure  and 
oncometer  continue  to  fall,  indicating  terminal  cardiac  paralysis. 
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PRACTICAL     APPLICATIONS      OF     THE     CIRCULATORY     ACTIONS      OF 

CAFFEIN 

The  circulatory  effects  of  moderate  doses  of  caffein  consist  in 
vasodilation  combined  with  sufficient  cardiac  stimulation  to 
maintain  or  even  somewhat  to  increase  the  blood  pressure.  Both 
of  these  actions  favor  blood  flow,  a  result  which  must  be  highly- 
desirable  in  many  circulatory  diseases.  The  actions  of  caffein 
are,  however,  quite  different  from  those  of  digitaUs,  in  that  its 
cardiac  actions  are  ''stimulant"  rather  than  tonic,  brief  and  less 
powerful;  the  action  on  the  vessels  is  diametrically  the  opposite, 
caffein  acting  as  a  dilator,  while  digitalis  tends  to  constrict. 

The  main  therapeutic  use  of  caffein,  namely  as  a  diuretic,  is  also 
explainable  on  the  basis  of  its  circulatory  actions,  i.e.,  by  the 
increased  blood  flow  to  the  kidneys,  wh^ch  furnishes  the  best 
possible  condition  for  the  formation  of  urine.  The  experiments 
of  PhilUps  and  Bradford,  '87;  Gottheb  and  Magnus,  '01;  Loewi, 
Fletcher  and  Henderson,  '05;  Pearce,  Hill  and  Eisenbrey,  '10, 
and  others,  all  show  a  very  satisfactory  correspondence  of  the 
urine  flow  with  the  changes  of  the  renal  circulation,  as  recorded 
b}'  the  oncometer.  The  correspondence  may  not  be  absolute  in 
individual  experiments,  but  such  exceptional  divergences  are  to 
be  expected,  and  may  be  attributed  to  accidents,  to  technical 
imperfection,  and  to  the  occasional  predominance  of  the  central 
vasoconstrictor  factor.  The  common  view  that  caffein  acts 
directly  on  the  epitheUum  has  no  better  foundation  than  the 
fancied  need  to  explain  these  exceptional  variations.  There  has 
never  been  any  good  positive  evidence  for  the  assumed  direct 
stimulation  of  the  renal  epithelium.  This  theory  was  originally 
advanced  by  von  Schroeder  because  the  blood  pressure  changes 
fail  to  account  for  the  diuresis.  This  is  now  explained  by  the 
double  action  of  caffein  on  the  heart  and  vessels,  and  v.  Schroeder's 
arguments  are  thus  deprived  of  their  logical  basis. 

This  does  not  exclude  the  possibility  of  a  secretory  stimulation 
as  an  additional  factor;  but  it  is  not  justifiable  to  assume  this 
without  some  evidence — and  such  evidence  is  still  practically 
lacking. 
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The  circulatory  explanation  of  the  diuresis  does  not  mean  that 
the  kidney  play  a  wholely  positive  part.  Caffein  will  not  increase 
the  urine  flow  if  the  kidney  structures  are  severely  injured,  par- 
ticularly the  glomeruli;  or  if  there  is  not  sufficient  liquid  at  the 
disposal  of  the  body,  or  if  the  diuresis  is  already  very  free.  This 
is  merely  equivalent  to  saying  that  the  caffein  does  not  cause  urine 
secretion,  but  that  its  actions  on  the  renal  vessels  and  on  the 
heart  result  in  conditions  of  the  renal  circulation  favorable  to 
urine  formation. 

The  circulatory  actions  of  caffein  may  also  become  detrimental. 
Our  experiments  furnish  definite  evidence  of  cardiac  injury  when 
the  dosage  exceeds  20  to  40  mg.  per  kilo.  These  doses  are  larger 
than  those  ordinarily  taken  by  man,  but  the  differences  are  not 
so  very  great,  and  the  cardiac  irregularities  which  are  so  often 
seen  in  man  are  evideilce  that  smaller  doses  may  be  injurious  in 
susceptible  individuals. 

The  gastro-intestinal  disturbances  which  are  an  important 
feature  of  chronic  caffein  poisoning  may  possibly  be  attributed 
to  its  vasodilator  action.  With  the  beverages,  the  tannin  of 
tea  or  the  empyreumatic  oil  of  coffee  are  doubtless  factors — and 
perhaps  the  more  important  factors — in  these  local  lesions,  but 
Salant  and  Rieger,  '10,  found  that  the  continuous  administra- 
tion of  pure  caffein  to  animals  resulted  in  intestinal  and  especially 
gastric  inflammation. 

Translation  of  dosage.  To  obtain  some  idea  of  the  significance  of 
these  facts,  it  may  be  remarked  that,  judging  from  the  fatal  dose,  dif- 
ferent animals  behave  quantitatively  nearly  alike.  It  is  therefore  prob- 
able that  the  dosage  can  be  transferred  to  man: 

1  mg.  per  kg.  would  correspond  to  1  grain  for  a  145  lb.  (65  kg.)  man 
1^  grain  would  correspond  to  5  mg.  per  kg.  for  a  44  lb.  (20  kg  )  child 
20  mg.  per  kg.  would  be  20  grains  for  145  lb.  man  (  =  abt.  1.5  gms.) 
6  grains  for  45  lb.  child  (  =  abt  0.4  gm.) 
140  mg.  per  kg.  would  be  140  grains  for  man  =  abt.  10  gms . 

43  grains  for  child  =  abt.  3  gms. 
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CONCLUSIONS 

1.  The  effect  of  caffein  on  the  circulation  are  shown  to  involve 
the  following  factors : 

Cardiac  stimulation  or  depression,  according  to  the  dose  and 
rapidity  of  injection. 

Increased  heart  rate,  not  due  to  vagus  depression  (if  the  vagus  is 
intact,  there  may  be  slowing  through  central  stimulation,  but 
with  large  doses,  the  heart  escapes  from  the  vagus  tone). 

Vasodilation,  through  peripheral  depression  of  the  vasocon- 
strictor mechanism. 

Central  vasoconstrictor  stimulation  generally  ineffectual, 
also  convulsive  stimulation. 

Cardiac  irregularities,  with  large  doses. 

2.  The  early  intravenous  injections  show  the  following  phe- 
nomena : 

Momentary  myocardial  depression,  succeeded  by  myocardial 
stimulation. 

Peripheral  vasodilation. 

Central  vasomotor  stimulation,  usually  ineffective. 

Increased  heart  rate. 

Blood  pressure :  primary  fall,  followed  by  recovery  and  often  a 
small  rise. 

Oncometer:  primary  fall,  followed  by  larger  rise,  usually  out- 
lasting that  of  the  blood  pressure. 

3.  Summation  of  effects  with  cumulative  doses: 

a.     Total  dosage  of  20  to  150  mg.  per  kilo  shows: 

Cardiac  depression  (dilatation). 

Peripheral  vasomotor  paralysis. 

Moderate  and  ineffective  central  vasomotor  stimulation. 

Heart  rate  reaches  maximum  and  becomes  irregular. 

Blood  pressure  falls  to  constant  level  of  50  to  70  mm. 

Fall  of  oncometer. 

6.  The  blood  pressure  reaches  a  constant  level  when  the  dosage 
reaches  about  150  mg.  per  kilo,  and  further  doses  of  caffein  may 
than  be  injected  with  httle  effect,  but  sudden  cardiac  failure  may 
supervene  at  any  time. 
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In  connection  with  other  researches  during  the  past  year  a  series 
of  investigations  has  been  made  of  the  comparative  utiHty  of 
certain  biologic  tests  for  epinephrin.  Of  those  hitherto  described 
the  frog's  eye,  uterus,  and  intestinal  strip  methods  seemed  most 
promising  and  were  selected  for  further  investigation. 

I.      THE    frog's    eye    TEST 

The  Meltzer-Ehrmann  reaction  has  the  disadvantages  of  lack 
of  sharpness,  and  insufficient  delicacy  for  many  researches.  By 
applying  the  fluid  to  be  tested  directly  to  the  iris,  however,  a 
sharpness  of  reaction  was  obtained  considerably  greater  than 
that  following  the  application  of  the  fluid  to  the  corneal  surface. 
This  procedure  involves  considerable  manipulative  difficulty  but 
by  the  following  technique  successful  results  were  secured  without 
undue  consumption  of  time:  the  frog  is  decapitated  by  a  quick 
cut  with  strong  scissors  passing  through  the  cranium  near  the 
angle  of  the  jaw.  The  eyes  are  then  removed  and  freed  from 
adherent  tags  of  tissue.  During  these  manipulations  undue  pres- 
sure upon  the  eyeball  must  be  avoided.  Through  the  stump  of  the 
optic  nerve  a  fine  scissors  point  is  inserted  and  a  small  incision 
made  so  that  the  sclera  may  be  grasped  by  a  pair  of  forceps; 
this  grasp  is  retained  while  the  whole  eye  is  circumsected  about 
a  millimeter  posterior  to  the  margin  of  the  iris.  The  lens  now 
lies  in  a  cup  formed  by  the  anterior  half  of  the  eye  from  which  it 
must  be  removed  without  injury  to  the  pupil.     This  can  be  done 

93 


94  BIOLOGIC  TESTS  FOR  EPINEPHRIN 

by  holding  down  the  eye  with  a  pair  of  forceps  between  the  tips 
of  which  the  lens  is  grasped  by  a  second  pair  and  gently  removed. 
The  pupils  of  pairs  of  eyes  so  prepared  are  usually  approximately 
equal  in  size,  and  one  can  be  used  as  a  control  for  the  other.  The 
eyes  should,  of  course,  be  placed  in  Ringer's  or  isotonic  saline 
solution  until  ready  for  use  but  they  should  be  not  kept  longer  than 
fifteen  minutes  before  being  used.  Receptacles  made  by  cement- 
ing segments  of  glass  tube  1  cm.  long  and  1  cm.  in  diameter  to 
ordinary  wide  microscopic  slices  are  convenient,  particularly  if 
the  pupils  are  to  be  observed  under  the  microscope.  The  delicacy 
of  the  test  is  enhanced  by  following  Schultz'^  suggestion  to  keep 
the  eyes  in  the  dark  except  during  observation. 

By  this  method  a  mydriasis  is  secured  unmistakably  evident 
by  inspection  within  five  minutes  in  a  dilution  of  adrenalin, 
1 :  5,000,000.  By  means  of  camera  lucida  tracings  at  a  magni- 
fication whereby  slight  differences  in  the  size  of  the  pupils  can  be 
distinguished,  it  is  possible  to  determine  adrenalin  in  consider- 
ably higher  dilution ;  the  upper  limit  is  about  one  part  in  a  hundred 
millions.  This  dilution  requires  from  ten  to  twenty  minutes' 
application.  In  a  trial  series  of  eight  determinations  of  adrenalin, 
1  :  100,000,000,  at  a  magnification  of  twenty-five  diameters  at 
the  end  of  fifteen  minutes  six  were  positive.  The  average  increase 
in  diameters  was:  longitudinal,  11  per  cent;  transverse,  25  per  cent, 
greater  in  cases  of  the  eyes  in  adrenalin  than  of  control  eyes  in 
isotonic  saline  solution. 

For  use  in  studies  of  epinephrinemia  the  pupil  reaction  is  not 
sufficiently  specific.  The  mydriatic  effect  of  epinephrin  is  shared 
by  pituitary  extract, ^  parathyroid  neucleo-protein  and  iodothyrin.^ 
Extract  of  desiccated  thyroid  gland  also  was  observed  to  cause 
dilatation. 

The  chief  advantage  of  the  method  is  that  it  can  be  carried 
out  with  a  small  quantity  of  fluid. 

1  Schultz:  Bulletin  No.  61,  Hygienic  Laboratory,  United  States  Public  Health 
and  Marine  Hospital  Service,  Washington,  1910. 

2  Cramer:  Quarterly  Journal  of  Experimental  Physiology,  1908,  I:  189;  Ott 
and  Scott:     New  York  Medical  Journal,  1908,  Ixxxviii:  1180. 

3  Ott  and  Scott:    Monthly  Cyclopedia  and  Medical  Bulletin,  1909:     ii:  493. 
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II.      THE    UTERUS   TEST 

Frankel's  statements  as  to  the  advantages  of  his  uterus  method* 
were  readilj'  confirmed.  By  his  technique  reactions  to  adrenalin 
were  obtained  in  dilutions  of  one  to  twenty  or  thirty  millions. 
There  are  however,  certain  material  objections  to  the  method. 
The  uterus  is,  as  Frankel  himself  has  noted,  particular!}^  sensitive 
to  mechanical  stimulation,  and  even  with  careful  manipulations  is 
somewhat  erratic  in  its  reactions.  Its  tendency  to  undergo 
spontaneous  rhythmic  contractions  in  Ringer's  solution  precludes 
its  use  for  determination  of  minimal  quantities  of  epinephrin; 
with  larger  quantities,  however,  spontaneous  and  induced  con- 
tractions are  easily  differentiated.  So  far  as  its  use  in  studies  of 
epinephrinemia  is  concerned,  a  more  serious  disadvantage  is,  as 
in  the  case  of  the  frog's  eye,  a  lack  of  specificity.  Ott^  has  ob- 
served that  the  tendency  of  adrenal  extract  to  cause  contractions 
of  uterine  segments  is  shared  by  extracts  of  mammary,  prostate, 
parotid,  pancreatic  and  pituitary  glands,  spleen,  thymus,  testicle 
and  ovary,  and  by  spermine  and  iodothj^rin.  Moreover,  by  direct 
experiment  it  was  found  that  rabbit's  blood  taken  an  hour  after 
epinephrectomy  causes  a  marked  contraction.  Frankel's  con- 
clusion therefore,  that  any  tendency  of  an  experimental  blood 
to  cause  contractions  in  the  uterus  is  due  to  the  presence  of 
epinephrin  is  quite  unjustified. 

III.       THE    INTESTINE   TEST 

An  attempt  to  adapt  the  intestinal  strip  method^  to  the  rabbit 
led  to  the  discovery  that  segments  of  small  intestine  serve  admirably 
as  biologic  tests  for  epinephrin.  The  technique  emploj^ed  was 
similar  to  that  of  other  investigators  in  this  field.  Pieces  3  or  4 
cm.  long  are  removed  from  the  animal  to  warm  oxygenated  Ringer's 
solution  in  which  almost  immediately  rhythmic  contractions  begin 
and  continue  for  hours.     To  permit  free  access  of  oxygen  the 

*  Frankel:    Archiv  fiir  experimentelle  Pathologie  und  Pharmakologie,  1909,  Ix: 
395. 

*Ott:    Journal  of  Experimental  Medicine,  1909,  xi:  326. 

*  Cannon  and  de  la  Paz:    American  Journal  of  Physiology,  1911,  xxviii:  64. 
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pieces  are  suspended  by  glass  hooks  through  the  mesentery. 
From  time  to  time  as  required,  segments  can  be  used  to  obtain 
graphic  records.  The  piece  is  attached  to  a  writing  lever  and 
suspended  in  Ringer's  solution  in  a  cylindrical  container  sur- 
rounded by  water  at  37°  C.  Oxygen  is  constantly  bubbled  into 
the  cylinder  from  a  supply  tube  connecting  with  the  base.  The 
lower  end  of  the  tissue  is  held  by  a  serre-fine  attached  to  a  thread 
leading  out  through  the  supply  tube.  A  second  small  tube  con- 
necting with  the  base  of  the  cylinder  and  with  a  piece  of  rubber 
tube  at  its  free  end  facilitates  the  changing  of  fluids  in  the  con- 
tainer with  a  minimal  disturbance  of  the  segments.  The  animal 
from  which  the  intestine  is  taken  should  not  be  etherised  since  the 
activity  of  the  segments  is  thereby  much  diminished.  The  ani- 
mals can  be  killed  by  a  blow  on  the  neck  or  anaesthetized  with 
urethane  jier  os,  2  grams  per  kilo.  This  substance  does  not  share 
the  depressing  effect  of  ether  upon  the  activity  of  the  intestine. 
The  intestine  with  its  normal  blood  supply  maintains  its  vitality 
better  than  if  kept  in  Ringer's  solution  and  during  the  long  anaes- 
thesia following  administration  of  urethane,  segments  can  be 
removed  as  required. 

The  observations  of  Ott,"  Magnus,^  Boruttau,**  Langley,^" 
Pal,ii  Elliott,^2  and  Cannon  and  de  la  Paz*'  that  epinephrin  inhib- 
its the  activities  of  the  intestine  was  readily  confirmed.  It  was 
found  indeed  that  the  threshold  of  this  effect  is  surprisingly  low. 
In  the  most  favorable  instances  immediately  after  removal  of 
the  tissue  from  the  animal,  a  brief  but  clear  cut  diminution  of 
activity  was  secure  in  dilutions  of  adrenalin^^  of  from  four  to  five 

'  Ott:    Medical  Bulletin,  1897,  xix:  376. 

*  Magnus:    Archiv  fiir  die  gesammte  Physiologie,  1905,  cviii:  50. 

3  Boruttau:     Ibid.,  1899,  Ixxviii:  97. 

^"Langley:    Journal  of  Physiology,  1901,  xxvii:  249. 

11  Pal:    Wiener  medizinische  Presse,  1901,  xlii:  2023. 

1^  Elliott :     Journal  of  Physiology,  1905,  xxxii :  401 . 

1'  For  these  experiments  a  fresh  bottle  of  adrenalin  was  secured  directly  from  the 
Boston  agency  of  Parke,  Davis  and  Company.  This  brand  of  epinephrin  has  been 
shown  by  Schultz^  to  test  quantitatively  true  to  label.  The  fact  that  it  caused 
reactions  in  rabbit's  uterus  at  a  dilution  of  one  to  twenty  or  thirty  millions  as  a 
minimum  indicates  that  the  sample  used  did  not  surpass  its  supposed  strength. 
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hundred  millions  (Cf.  Fig,  1).  Fig.  2  shows  a  characteristic  rec- 
ord of  the  effect  of  adrenalin  in  dilution  of  1 :  100,000,000.  This 
diminution  in  amplitude  of  oscillation  is  usually  accompanied  by 
a  decreased  tonus.  The  threshold  of  this  effect  varies  pari  passu 
with  the  vitality  of  the  tissue.  In  some  instances  after  keeping 
the  segments  three  or  four  hours  in  Ringer's  solution  reactions  were 
not  secured  in  higher  dilutions  than  one  in  five  millions.  Either 
Ringer's  solution  or  defibrinated  blood  may  be  used  as  a  diluent, 
but  in  the  former  case,  similar  blood  must  of  course  be  used  as  a 
standard.  The  degree  of  depression  of  the  tissue  depends  directly 
upon  the  strength  of  solution  employed.  A  sensitive  tissue  can 
be  brought  to  a  complete  stand-still  by  a  dilution  of  one  to  twenty 
or  thirty  millions.  The  sensitiveness  of  the  tissue  to  epinephrin 
diminishes  to  some  extent  after  each  application  but  a  number  of 
successive  records  can  be  secured  with  one  segment.  This  fact 
permits  comparing  an  unknown  solution  and  a  known  standard, 
with  some  degree  of  ease.  If  the  order  of  application  of  standard 
and  '^  unknown"  be  varied  the  method  is  capable  of  giving  val- 
uable quantitative  results.  Segments  of  cat's  intestine  are  about 
as  sensitive  as  rabbit's  but  the  amplitude  of  oscillation  being  smal- 
ler the  results  are  less  striking.  In  cat's  blood,  rabbit's  intestine 
beats  as  freely  as  in  that  of  the  rabbit  itself.  Other  bloods  were 
not  tested. 

The  use  of  intestinal  segments  has  several  distinct  advantages. 
They  are  always  available  and  with  the  possible  exception  of  ar- 
tery strips"  are  the  most  sensitive  test  objects  yet  described. 
The  intestine  has  the  advantage  over  both  the  uterus  and  the 
artery  that  it  will  respond  to  a  number  of  appUcations  of  epine- 
phrin, and  hence  can  be  used  with  greater  certainty  in  quantita- 
tive work.  It  has  the  obvious  advantage  over  the  intestinal 
strip  method  that  the  tissue  is  subjected  to  much  less  manipulative 
violence  and  is  consequently  in  much  more  sensitive  condition. 
Both  the  intestinal  methods  have  the  advantage  of  greater  speci- 
ficity than  either  the  frog's  eye  or  the  uterus  methods;  there  are 
few  known  substances  occurring  in  blood  that  cause  dilatations 

"  Cf.  Meyer:    Zeitschrift  fur  Biologic,  1907,  1:  93. 


98  BIOLOGIC  TESTS  FOR  EPINEPHRIN 

of  smooth  muscle.  ^^  It  is  to  be  noted,  however,  that  the  blood 
of  an  animal  dying  in  asphixia  gives  the  depression  reaction  with 
intestinal  segments  even  if  the  adrenals  have  been  previously 
extirpated.  So  far  as  the  writer  is  aware,  no  other  gland  shares 
with  the  adrenals  their  depressing  effect  upon  the  gut.  Ott  and 
Scott^"  found  that  intestinal  peristalsis  is  even  increased  by  iodo- 
thyrin,  ovary,  infundibulin,  mammary  gland,  prostate,  thymus, 
spleen,  parathyroid,  pancreas,  dried  brain  and  parotid  gland.  The 
material  in  each  case  was  extracted  and  injected  in  aqueous 
solution  by  jugular.  Peristalsis  was  observed  by  connecting  a 
balloon  inserted  into  the  intestine  with  a  piston  recorder.  By 
the  intestinal  segment  method  these  investigators  found  that 
pancreatic  extract  sometimes  showed  a  tendency  to  relax  the  gut 
and  slow  rhythmic  contractions,  but  a  repetition  of  their  work  has 
shown  that  the  relaxing  effect  is  obtained  only  if  the  pancreas 
has  been  kept  for  a  time;  if  the  extract  is  made  immediately 
after  the  death  of  the  animal,  it  increases  the  contractions.  The 
depression  observed  was  probably  due,  therefore,  to  digestive  pro- 
ducts. Blood  in  itself,  as  Cannon  and  de  la  Paz,®  have  noted, 
has  a  marked  tendency  to  increase  tonus  in  the  gut,  and  the  depres- 
sion reaction,  when  secured  in  a  blood  of  unknown  composition, 
has  accordingly  the  more  significance  as  indicating  the  presence 
of  epinephrin.  The  fact  that  the  segments  usually  begin  activ- 
ity immediately  after  attachment  to  the  writing  lever  adds  not  a 
little  to  the  satisfaction  of  the  method  for  routine  work.  It 
seems,  therefore,  that  in  point  of  specificity,  promptness  and  deli- 
cacy, the  intestinal  segments  are  the  most  satisfactory  test 
objects  for  epinephrin  yet  described. 

I  wish  to  express  my  appreciation  of  the  permission  to  make 
use  of  the  facilities  of  the  Laboratory  of  Physiology  in  the  Harvard 
Medical  School  in  this  research. 

'*  Griitzner:  Ergebnisse  der  Physiologie:  1904,  iii  (2) :  p.  66. 
"  Ott  and  Scott:    American  Medicine,  1911,  xvii:  154.  . 
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The  only  two  fundamental  processes  occurring  in  living  things 
of  which  any  considerable  amount  of  knowledge  has  been  accu- 
mulated are  processes  of  oxidation  and  hydrolysis.  Under  the 
term  oxidation  we  include  reduction  because  every  oxidation 
impUes  a  reduction  and  under  the  term  hydrolysis  is  included  the 
reverse  process,  namely,  hydrosynthesis. 

In  spite  of  the  fact  that  processes  of  oxidation  play  such  an 
important  role  in  the  life  of  every  living  cell  yet  we  have,  at  pres- 
ent, little  knowledge  of  the  effect  of  increased  physiological 
oxidation  on  the  functions  of  cells  or  tissues.  The  abihty  of 
oxygen  to  increase  oxidation  in  higher  animals  is  limited  by  the 
oxygen  carrying  power  of  the  blood. 

In  arterial  blood  the  haemoglobin  is  almost  saturated  with 
oxygen  and  the  increase  in  the  oxygen  in  the  blood  when  the  pure 
gas  is  breathed  is  very  shght.  The  work  with  ozone  and  the 
alkalis  has  likewise  not  thrown  very  much  light  on  the  reaction 
of  cells  to  increased  oxidation. 

Pharmacological  studies  of  the  action  of  many  of  the  more 
violent  and  destructive  oxidizing  agents  have  been  made.  Most 
of  these  cannot  be  used  intravenously.  Many  cause  methaemo- 
globin  formation  and  hydrogen  peroxide  when  injected  intrave- 
nously causes  death  by  gas  embohsm.  Many  of  these  substances, 
such  as  the  chlorates,  are  not  reduced  in  their  passage  through 
the  body,  from  which  we  may  conclude  that  their  oxygen  is  not 

^  The  expense  of  this  investigation  has  been  partially  defrayed  by  a  grant 
from  the  Rockefeller  Institute  for  Medical  Research. 
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available  for  physiological  oxidation.  Physiological  oxidations 
are  brought  about  through  the  agency  of  the  oxidases.  Kastle 
and  Loevenhart^  showed  that  the  organic  peroxides  in  general 
have  raany  of  the  characteristics  of  certain  of  the  oxidizing  fer- 
ments and  they  were  led  to  agree  with  Bach^  that  the  production 
of  organic  peroxides  in  the  cell  would  readily  account  for  much 
that  is  known  regarding  vital  oxidation.  In  1905  Loevenhart^ 
published  a  short  paper  on  the  therapeutic  uses  of  benzoyl 
peroxide  wherein  it  was  shown  that  this  substance  is  an  ideal  local 
antiseptic. 

We  were  led  to  believe  in  the  course  of  this  work  that  were  it 
possible  to  obtain  a  soluble  preparation  of  the  type  of  benzoyl 
peroxide  it  would  prove  of  great  value  as  an  internal  antiseptic 
which  could  be  administered  intravenously.  In  the  second  place, 
we  were  anxious  to  investigate  the  pharmacological  action  of 
some  substance  which  could  be  injected  intravenously  and  which, 
from  its  chemical  nature,  might  be  supposed  to  increase  the  nor- 
mal physiological  oxidation  of  cells. 

Several  substances  are  known  which  interfere  with  vital  oxi- 
dation without  apparently  having  any  other  effect,  and  cells 
may  readily  be  subjected  to  conditions  in  which  their  processes 
of  oxidation  are  inhibited.  For  these  reasons  we  are  well 
acquainted  with  the  phenomena  accompanying  a  decrease  in 
the  vital  oxidation.  On  the  other  hand,  it  has  thus  far  been 
impossible  to  study  the  effect  of  increased  oxidation  in  living 
tissues  and  accordingly  the  investigation  of  the  physiological 
response  to  increased  oxidation  is  of  the  most  vital  importance  to 
physiology  and  pharmacology. 

It  was  in  the  hope  of  throwing  light  on  these  two  propositions 
that  we  undertook  the  study  of  compounds  containing  oxygen  in 
a  form  which  might  be  available  physiologically.  Up  to  the 
present  time  we  have  investigated  the  action  of  only  three  such 

2  Amer.  Chem.  Jour.,  26,  539  (1901). 

3  Compt.  rend.,  124,  951  (1897). 

*  Therapeutische  Monatshefte.,  19,  426,  (1905).  The  views  here  expressed 
regarding  the  therapeutic  value  of  this  drug  in  the  conditions  mentioned  have 
since  been  confirmed  by  a  great  many  clinical  observations  in  the  hands  of  a 
number  of  men. 
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substances,  namely,  sodium  iodosobenzoate,  sodium  iodoxyben- 
zoate,  and  the  sodium  salt  of  phthalic  peroxide.  In  the  present 
communication  we  shall  merely  present  the  studies  of  the  first 
two  substances.  Throughout  the  work  we  have  studied  the 
effect  of  sodium  iodbenzoate,  the  mother  substance  as  a  control. 
The  formulas  of  the  three  acids  are  as  follows:^ 

/I  /I  =  0  /^ 


C6H4\  C6H[4'\  p  TT  . 

\C00H  (o).  ^COOH  (o)  \cOOH  (o). 

lodbenzoic  acid  lodosobenzoic  acid  lodoxybenzoic  acid 

All  of  these  acids  when  perfectly  pure  are  white  or  practically 
so.  When  nearly  pure  they  have  a  faint  cream  color.  Ortho- 
iodbenzoic  acid  has  been  long  known.  lodoso-  and  lodoxybenzoic 
acids  were  first  prepared  by  Victor  Meyer  and  his  coworkers.^ 
The  free  acids  are  insoluble  in  water  but  the  sodium  salts  of  all 
are  very  soluble.  The  principal  interest  connected  with  the  com- 
pounds centers  around  the  oxygen  combined  with  the  iodine. 
This  oxygen  is  readily  liberated  in  consequence  of  which  iodoso- 
and  lodoxybenzoic  acids  are  capable  of  oxidizing  many  substances, 
lodbenzoic  acid  of  course  has  no  oxidizing  action.  lodoso-  and 
lodoxybenzoic  acids  when  reduced  yield  lodbenzoic  acid.  These 
two  acids  oxidize  hydriodic  acid  quantitatively  and  the  liberated 
iodine  can  be  estimated  readily  by  titration  with  fo  sodium  thio- 
sulphate  using  starch  paste  as  the  indicator.  This,  together  with 
the  melting  points,  affords  a  ready  method  of  determining  the 
purity  of  these  substances  and  all  material  used  in  our  work  was 
analysed  in  this  way.  The  calculated  amount  of  active  oxygen 
contained  in  these  substances  is  as  follows: 

Per  cent 

lodbenzoic  acid 0.00 

lodosobenzoic  acid 6.06 

lodoxyben/oic  acid 11.43 

*  There  are  other  views  regarding  the  structure  of  iodosobenzoic  acid  but  it 
is  unnecessary  to  consider  them  in  connection  with  our  work. 

6  Meyer  and  Wachter:  Berichte  d.  d.  chem.  Ges.,  25,  2632  (1892).  Askenasy 
and  Meyer:  Berichte  d.  d.  chem.  Ges.,  26,  1354  (1893).  Hartmann  and  Meyer: 
Berichte  d.  d.  chem.  Ges.,  26,  1727  (1893);  27,  1600  (1894). 
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It  is  interesting  and  important  in  the  light  of  the  pharmaco- 
logical action  of  these  substances  to  compare  their  strength  as 
acids.  Ortho-iodbenzoic  acid  is  the  strongest  of  the  three  iod- 
benzoic  acids.  lodosobenzoic  acid  is  extremely  weak.  Its  salts 
are  decomposed  by  carbon  dioxide  and  the  acid  precipitated, 
lodoxybenzoic  acid  has  marked  acid  properties.  Askenasy  and 
Meyer^  determined  the  dissociation  constants  of  iod-  and  iodoso- 
benzoic  acids,  which  were  found  to  be  as  follows: 

lodbenzoic  acid k.  =0. 132 

lodosobenzoic  acid k.  =0.00006 

Carbonic  acid k.  =0.0013 

The  dissociation  of  iodoxybenzoic  acid  has  apparently  not  been 
determined.  In  aqueous  solution  it  has  a  very  sour  taste.  It 
decomposes  carbonates  with  liberation  of  carbon  dioxide  and  on 
passing  a  current  of  carbon  dioxide  through  a  solution  of  barium 
iodoxybenzoate  there  is  no  precipitation  of  barium  carbonate. 

A  word  as  to  the  methods  which  we  have  used  in  preparing  these 
substances  may  not  be  amiss,  although  we  have  not  departed 
very  widely  from  the  methods  given  by  Meyer  and  his  coworkers. 
We  have  compared  the  various  methods  which  they  used  both  as 
to  the  purity  of  the  products  and  the  yield. 

Preparation  of  iodhenzoic  acid:  Suspend  20  grams  anthranilic 
acid  in  water  and  add  50  cc.  concentrated  hydrochloric  acid,  warm 
to  bring  into  solution,  then  cool  to  below  10°.  Add  10  grams 
sodium  nitrate  in  solution  and  after  about  five  minutes  add  30 
grams  of  potassium  iodide  in  solution.  When  the  reaction  is 
nearly  over  the  contents  of  the  flask  are  heated  on  the  water  bath. 
The  buff  colored  precipitate  of  lodbenzoic  acid  is  filtered  off  on 
a  perforated- plate  with  suction  and  dried.  The  yield  is  from  l\ 
to  1^  times  the  weight  of  the  anthranilic  acid  employed.  This 
crude  product  is  sufficiently  pure  to  prepare  the  crude  iodoso- 
benzoic  acid.  For  pharmacological  work  it  can  be  purified  in 
various  ways;  by  dissolving  in  alkalis  and  precipitating  with  acid 
or  by  recrystallization  or  sublimation.  In  our  hands  the  simplest 
way  of  procuring  a  perfectly  pure  white  product  in  sufficient 

7  Berichte  d.  d.  chem.  Ges.,  26,  1354  (1893). 
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quantities  is  to  transform  it  into  pure  iodosobenzoic  acid  and  then 
reduce  this  to  iodbenzoic  acid.     This  jdelds  a  beautiful  product. 

Preparation  of  iodosobenzoic  acid:  Thirty  grams  of  crude  iod- 
benzoic acid,  700  cc.  of  2.3  per  cent  potassiimi  permanganate, 
270  cc.  20  per  cent  sulphuric  acid  and  180  cc.  of  water  were  boiled 
together  for  fifteen  minutes.  Then  boiling  water  was  added  until 
the  total  volume  was  2  liters.  The  boiUng  was  then  continued 
for  fifteen  minutes,  filtered  through  a  hot  water  funnel  and  the 
iodosobenzoic  acid  which  crystallized  out  on  cooling  was  filtered 
off,  dried,  weighed  and  analysed.  The  yield  is  about  gram  for 
gram  of  the  iodbenzoic  acid  used.  The  material  contains  from 
5.88  per  cent  to  5.90  per  cent  of  active  oxygen.  This  crude  prod- 
uct is  sufficiently  pure  for  the  preparation  of  iodoxybenzoic  acid. 
To  obtain  a  pure  product,  the  crude  acid  is  dissolved  in  sodium 
hydroxide,  a  great  excess  being  avoided,  filtered  and  precipitated 
by  passing  a  current  of  carbon  dioxide  into  the  solution.  A 
second,  and  frequently  a  third  precipitation  of  iodosobenzoic 
acid  may  be  obtained  by  passing  more  CO2  through  the  filtrates. 
A  beautiful  product  is  invariably  obtained  by  this  method.  It 
is  almost  perfectly  white.  The  crystals  are  small,  due  to  the 
agitation  of  the  solution.  The  yield  is  good,  the  loss  being  less 
than  10  per  cent.  This  product  invariably  has  a  content  of  6.03 
to  6.06  per  cent  of  active  oxygen.  This  method  of  preparation 
is  far  superior  to  the  first  method  proposed  by  Meyer  and  Wachter 
in  which  the  iodbenzoic  acid  was  oxidized  by  means  of  fuming 
nitric  acid.  This  method  of  purification  is  the  best  we  have  been 
able  to  devise  and  leaves  Uttle  to  be  desired. 

Preparation  of  iodoxybenzoic  acid:  We  have  employed  the 
chlorine  method  of  Hartmann  and  Meyer.  This  consists  in  pass- 
ing a  current  of  chlorine  through  an  alkaline  solution  of  sodium 
iodosobenzoate,  keeping  the  temperature  down  by  immersing 
the  bottle  in  cold  water.  Meyer  and  Hartmann  give  directions 
for  separating  the  iod-,  iodoso-  and  iodoxybenzoic  acids  which 
are  the  products  of  the  reaction.  We  have  found  that  crude 
iodosobenzoic  acid  can  be  employed  and  that  by  carefully  con- 
trolling the  temperature  at  which  the  chlorine  acts,  it  is  pos- 
sible to  obtain  at  once  almost  pure  iodoxybenzoic  acid.     It  may 
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be  rendered  perfectly  pure  by  a  single  recrystallization.  The 
temperature  at  which  the  chlorine  acts  must  be  neither  too  high 
not  too  low.  Considerable  heat  is  generated  in  the  process  and 
if  the  reacting  mixture  becomes  too  warm  the  product  will  be 
worthless.  If  the  mixture  is  kept  too  cold  considerable  quanti- 
ties of  iod-  and  iodosobenzoic  acids  will  be  found  mixed  with  the 
iodoxybenzoic  acid.  We  have  obtained  the  best  results  by  fil- 
tering the  solution  before  passing  the  current  of  chlorine  through 
it  and  by  immersing  the  bottle  in  which  the  oxidation  occurs  in 
tap  water  at  from  IS'^  to  20°  and  towards  the  end  of  the  process 
adding  warm  water  to  the  bath  to  bring  its  temperature  up  to  30° 
or  35°.  The  yield  of  iodoxybenzoic  acid  is  about  75  per  cent  of 
the  crude  iodosobenzoic  used. 

THE    PHARMACOLOGICAL    ACTION    OF    THE    THREE    ACIDS    AND    OF 

THEIR   SODIUM    SALTS 

As  far  as  we  have  been  able  to  find  the  action  of  iodoxybenzoic 
acid  on  living  organisms  has  not  been  studied.  No  particular 
attention  has  ever  been  paid  to  the  action  of  iodbenzoic  acid. 

The  only  study  of  the  action  of  iodosobenzoic  acid  which  wc 
have  been  able  to  find  is  that  of  R.  Heinz. ^  He  studied  iodoso- 
benzoic acid  with  the  view  of  investigating  the  action  of  nascent 
iodine  in  the  body,  thinking  that  by  giving  potassium  iodide  by 
mouth  and  sodium  iodosobenzoate  locally,  iodine  would  be  liber- 
ated in  the  body  in  the  nascent  state.  In  speaking  of  sodium  iodo- 
sobenzoate he  says:  "Aus  diesem  Grunde  ist  es  fiir  Thierversuche 
nicht  verwendbar,  indem  es  ausserst  heftig  reizt,  das  Blut  rasch 
auflost  und  braunt,  die  Gewebe  aufquellen  und,  soweit  sie  blut- 
haltig  sind,  missfarben  macht."  Heinz  described  his  preparation 
of  iodosobenzoic  acid  as  consisting  of  yellowish  leaflets.  This 
would  indicate  that  he  used  the  fuming  nitric  acid  method 
described  by  Meyer  and  Wachter,  in  preparing  it. 

He  states  that  the  sodium  salt  is  strongly  alkaline  and  for  this 
reason  is  not  available  for  animal  experiments.  In  his  experi- 
ments he  therefore  employed  only  the  slightly  soluble  free  iodo- 

syirchow's  Archiv.,  155,  44  (1899). 
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sobenzoic  acid  in  the  form  of  a  powder  or  emulsified  with  gum 
arabic  or  starch.  Heinz  found  that  iodosobenzoic  acid  when 
placed  in  the  stomach  of  a  rabbit  causes  hyperaemia  and  small 
haemorrhages  of  the  gastric  mucosa.  This  he  attributes  to  its 
local  irritating  action,  and  states  that  the  effect  can  also  be  shown 
by  placing  some  of  the  powder  in  the  eye  (without  simultaneously 
injecting  sodium  chloride).  This  irritating  action  he  states  is 
due  in  part  to  the  acid  nature  of  the  substance  and  in  part  is 
characteristic  of  these  compounds,  all  iodoso  compounds  even 
in  neutral  solution  being  more  or  less  irritating. 

Heinz  also  studied  to  some  extent  the  fate  of  iodosobenzoic 
acid  in  the  body.  He  showed  that  none  escapes  in  the  urine  as 
iodosobenzoic  acid  nor  as  iodosohippuric  acid,  because  the  urine 
does  not  libertate  iodine  from  hydriodic  acid.  Within  the  first 
hour,  Heinz  found  that  the  urine  gives  a  distinct  test  for  iodine 
on  ashing  while  the  test  for  sodium  iodide  is  negative.  Later  he 
found  inorganic  iodides  present  in  the  urine.  He  states,  there- 
fore, that  in  the  body  a  gradual  change  in  the  iodosobenzoic 
acid  occurs  whereby  iodine  is  liberated  and  combines  with  the 
alkali  in  the  tissue  juices  to  form  iodides.  This  only  occurs  very 
slowly  and  produces  no  recognizable  physiological  effect. 

The  local  action  of  the  substances:  lodbenzoic  acid  dusted  into 
the  eye  of  a  rabbit  causes  a  shght  degree  of  congestion  after  twenty- 
four  hours,  but  within  forty-eight  hours  the  eye  is  perfectly 
normal.  Sodium  iodbenzoate  when  instilled  into  the  conjunctival 
sac  or  injected  subcutaneously  in  ~  solution  is  without  irritating 
action. 

Iodosobenzoic  acid:  Heinz  found  the  free  acid  as  well  as  the 
sodium  salt  extremely  irritating.  He  describes  the  material 
used  as  having  a  Hght  yellow  color,  whereas  the  pure  substance 
is  almost  white.  Hence  we  determined  to  study  the  local 
action  of  the  pure  substance.  WTien  the  dry  white  powder  is 
dusted  into  one  eye  of  the  rabbit  (the  other  eye  being  kept 
as  a  control),  the  reaction  is  practically  the  same  as  that  resulting 
from  any  bland  insoluble  powder.  There  is  no  redness  nor 
injection  of  the  vessels.  The  eye  was  not  kept  closed,  there  was 
no  increase  in  the  secretion,  no  extension   of   the   nictitating 
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membrane,  no  change  in  the  size  of  the  pupil.  After  instill- 
ing two  drops  of  a  /e  solution  of  sodium  iodosobenzoate  into 
the  conjunctival  sac  of  a  young  dog  four  times  within  a  period  of 
eight  minutes,  the  eye  did  not  show  the  slightest  reaction  and 
the  animal  apparently  suffered  no  discomfort  in  any  way.  One 
of  us  (Loevenhart)  took  by  mouth  0.3  gram  of  free  iodosobenzoic 
acid  suspended  in  water  and  three  hours  later  0.5  gram  and  2| 
hours  later  0.5  gram,  a  total  of  1.3  grams  within  5|  hours  without 
the  slightest  symptom  being  noted.  A  number  of  observations 
were  made  on  the  effect  of  sodium  iodosobenzoate  when  injected 
subcutaneously  and  intraperitoneally. 

A  description  of  one  experiment  with  the  findings  will  sufi&ce 
to  illustrate  its  action  on  subcutaneous  tissue. 

Two  cubic  centimeters  of  a  sterile  A  (0.953  per  cent)  solution  of 
sodium  iodosobenzoate  were  injected  subcutaneously  on  the  back 
of  a  rabbit  near  the  middle  line  about  6  cm.  above  tail.  After 
forty-eight  hours  the  animal  was  killed  by  a  blow  on  the  neck  and 
examined. 

Autopsy  notes:  There  is  a  thickening  of  the  subcutaneous 
tissues  at  the  site  of  the  injection  which  has  a  semifluid  feel. 
On  incision  there  is  found  a  wet  gelatinous  infiltration  of  the  sub- 
cutaneous tissues,  extending  from  2  to  3  cm.  above  the  puncture 
wound  around  the  animal  nearly  to  the  midline  on  the  abdomen, 
down  both  thighs  a  considerable  distance  and  posteriorly  to  a 
point  1  to  2  cm.  below  the  tail.  There  is  marked  injection  of 
the  smaller  vessels  of  the  fascia  and  muscles,  minute  haemor- 
rhages in  the  fascia  and  one  quite  large  haemorrhage  in  the  muscle. 
There  is  one  opaque,  apparently  necrotic  area,  in  the  lumbar 
muscles  below  the  area  of  the  haemorrhage. 

Local  action  in  the  peritoneal  cavity:  Fifteen  cubic  centimeters 
of  various  strengths  of  sodium  iodosobenzoate  from  /ir  to  r^^  were 
placed  in  the  peritoneal  cavity  of  rabbits  aseptically.  Under 
anaesthesia  a  very  short  incision  was  made  in  the  abdominal  wall 
down  to  the  peritoneum.  The  rounded  end  of  a  fine  pipette  was 
thrust  through  the  peritoneum  and  the  solution  allowed  to  flow  in. 
No  stitch  was  taken  in  the  peritoneum.  The  abdominal  muscle 
and  skin  were  sewed  up  separately.     Three  days  later  the  animals 
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were  killed  by  a  blow.  When  15  cc.  of  too  solution  (0.286  per 
cent)  of  the  sodium  salt  were  used  there  were  no  symptoms  what- 
ever. At  autopsy  it  was  found  that  the  peritoneal  surfaces  were 
glistening  and  covered  between  the  coils  of  intestine  by  a  small 
amount  of  blood  stained  serous  fluid.  Beneath  the  abdominal 
wound  and  adherent  to  the  parietes  there  was  a  mass  of  blood 
stained  fibrin.  The  omentum  showed  minute  haemorrhages 
and  there  was  a  similar  fibrinous  mass  adherent  to  it.  There 
were  scattered  minute  subserous  haemorrhages  over  the  intes- 
tines and  the  parietal  peritoneum  in  the  pelvic  region.  With 
stronger  solutions  the  irritating  action  of  the  substance  is  much 
more  marked  and  may  prove  fatal. 

lodoxyhenzoic  add:  On  account  of  its  markedly  acid  proper- 
ties, free  iodoxybenzoic  acid  is  more  irritating  than  free  iodoso- 
benzoic  acid,  but  the  sodium  salt  of  iodoxybenzoic  acid  is  in  com- 
parison to  sodium  iodosobenzoate  a  bland  substance.  One  cubic 
centimeter  of  /o  sodium  iodoxybenzoate  was  injected  subcutan- 
eously  in  a  rabbit  and  8  cc.  of  iV  solution  were  placed  in  the  peri- 
toneal cavity.  There  were  no  symptoms.  Forty-eight  hours  later 
the  rabbit  was  killed  by  a  blow  on  the  neck.  The  site  of  the  sub- 
cutaneous injection  was  dry  and  showed  no  sign  of  haemorrhage 
or  filtration.  The  abdominal  wound  was  clean  and  showed  a  few 
minute  subcutaneous  haemorrhages  in  the  immediate  vicinity. 
There  was  a  small  collection  of  fibrin  on  the  peritoneal  surface  of 
the  wound  and  one  or  two  flakes  of  fibrin  on  the  surface  of  the 
intestine.  The  peritoneal  surfaces  were  moist  and  glistening  and 
there  was  no  excess  of  fluid  in  the  peritoneal  cavity,  which  was 
perfectly  normal  except  for  one  minute  haemorrhage  in  the  omen- 
tum.    The  lungs,  heart  and  all  the  organs  were  perfectly  normal. 

We  may  summarize  the  local  action  of  the  three  acids  and 
their  sodium  salts  as  follows:  lodbenzoic  acid  is  slightly  irritating 
in  consequence  of  its  acid  character.  Free  iodosobenzoic  acid 
when  pure  is  a  very  bland  substance.  When  dusted  into  the  eye 
or  when  taken  into  the  stomach  it  produces  no  reaction.  Iodoxy- 
benzoic acid  is  quite  irritating  in  consequence  of  its  acid  prop- 
erties. Sodium  iodbenzoate  and  iodoxybenzoate  are  quite  bland. 
Sodium  iodosobenzoate  is  exceedingly  irritating  especially  to  the 
subcutaneous  tissue  and  the  serous  surfaces. 
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A  comparison  of  taste  of  iodbenzoic,  iodosobenzoic  and  iodoxy- 
benzoic,  as  well  as  that  of  their  sodium  salts  is  quite  interesting, 
lodbenzoic  acid  has  a  very  faint  sour  taste  when  the  dry  powder 
is  placed  on  the  tongue.  Iodosobenzoic  acid-  has  the  peculiar 
taste  of  hydrogen  peroxide.  In  larger  quantities  it  causes  a 
peculiar  peppery  sensation. 

lodoxybenzoic  acid  has  an  intensely  sour  taste  as  one  should 
expect  from  its  strongly  marked  acid  properties.  It  also  has  a 
metallic  taste  and  causes  the  peppery  sensation  noted  in  the  case 
of  iodosobenzoic  acid.  In  comparing  the  tastes  of  the  sodium 
salts  of  the  three  acids  t^t  solutions  were  employed.  Several 
persons  tasted  the  solutions  for  us  without  having  any  knowledge 
of  what  was  expected  of  them.  Of  the  three  salts  that  of  iodoso- 
benzoic acid  has  by  far  the  strongest  taste  and  its  taste  is  almost 
identical  with  that  of  hydrogen  peroxide,  so  much  so  in  fact,  that 
one  is  surprised  to  find  that  the  saliva  is  not  frothy  as  occurs 
when  hydrogen  peroxide  is  taken  into  the  mouth.  Pure  sodium 
iodbenzoate  is  practically  tasteless  in  loiy  solution.  Sodium 
iodoxybenzoate  also  tastes  very  much  like  hydrogen  peroxide 
solutions  but  the  taste  is  not  nearly  as  strong  as  that  of  sodium 
iodosobenzoate  solutions  of  corresponding  strength. 

THE  PHYSIOLOGICAL  AVAILABILITY  OF  THE  OXYGEN  COMBINED 
WITH  THE  IODINE  IN  IODOSOBENZOIC  AND  lODOXYBENZOIC 
ACIDS 

As  already  pointed  out  the  oxygen  combined  with  the  iodine  in 
these  compounds  is  very  active.  It  is  capable  of  quantitatively 
oxidizing  hydriodic  acid  with  the  liberation  of  iodine  instantly 
at  room  temperature.  Nevertheless  the  ordinary  chemical  activ- 
ity of  the  oxygen  in  any  compound  does  not  necessarily  mean 
that  such  oxygen  will  be  available  physiologically.  The  sodium 
salts  of  both  acids  immediately  oxidize  haemoglobin  to  oxyhae- 
moglobin.^    A  dilute  solution  of  oxyhaemoglobin  obtained  by 

*  It  should  be  pointed  out  that  on  treating  the  sodium  salts  of  iodoso  and 
iodoxybenzoic  acids  with  blood  there  is  no  liberation  of  gaseous  oxygen  as  in  the 
case  of  hydrogen  peroxide. 
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laking  blood  with  distilled  water  was  treated  with  Stokes  reagent 
until  the  two  absorption  bands  of  oxyhaemoglobin  fused  into  the 
single  band  of  haemoglobin  and  the  color  of  the  blood  indicated 
the  change  from  oxyhaemoglobin  to  haemoglobin.  On  adding 
the  /^  solution  of  the  sodium  salt  of  either  iodoso-  or  iodoxyben- 
zoic  acid  the  two  bands  of  oxyhaemoglobin  immediately  appeared 
and  the  color  changed  back  to  the  bright  red  of  an  oxyhaemoglobin 
solution. 

This  very  simple  experiment  proVed  that  the  oxygen  which 
these  substances  contain  is  available  physiologically  through  the 
intermediation  of  haemoglobin,  but  we  were  also  anxious  to 
determine  whether  or  not  the  tissues  themselves  might  not  be 
able  to  utilize  the  oxygen  combined  with  the  iodine  in  these  sub- 
stances in  much  the  same  manner  that  they  utilize  the  molecular 
oxygen,  which  in  the  higher  animals  is  derived  from  the  oxyhae- 
moglobin. So  far  as  we  know  no  attempt  has  been  made  to  sup- 
ply oxygen  to  the  tissues  in  any  other  form  than  as  molecular 
oxygen.  1^ 

In  order  to  form  some  idea  of  the  direct  physiological  avail- 
ability of  the  active  oxygen  contained  in  our  substances  we  have 
made  use  of  the  various  oxidase  and  peroxidase  reactions. 

Neither  the  free  acids  nor  the  sodium  salts  are  capable  of  oxi- 
dizing either  guaiacum  or  aloin  in  the  presence  or  absence  of  blood 
or  tissue  extracts  so  that  as  far  as  these  substances  are  conserved 
our  results  are  purely  negative.  Positive  results  were  obtained, 
however,  when  we  employed  the  sodium  salt  of  phenolphthalin, 
the  oxidase  and  peroxidase  reagent  introduced  by  Kastle  and 
Shedd.^^  This  substance  was  used  by  Kastle^^  in  his  extensive 
studies  on  the  peroxidase  of  blood.  Sodium  iodosobenzoate  is 
incapable  of  oxidizing  phenolphthalin  to  phenolphthalein  under 

^°  By  this  statement  we  mean  any  modern  attempt  by  experimental  methods. 
The  old  idea  that  the  chlorates  given  by  mouth  supply  the  body  with  oxygen  is 
only  of  historical  interest  as  showing  how  completely  the  application  of  ordinary 
test  tube  chemistry  fails  when  applied  to  living  things  without  experimental  basis. 
This  is  perhaps  more  true  in  oxidative  reactions  than  in  reactions  of  any  other  type. 

"  Amer.  Chem.  Jour.,  26,  526  (1901). 

^^  "Variations  in  the  peroxidase  activity  of  the  blood  in  health  and  disease." 
Washington,  D.  C,  Hygienic  Laboratory  Bulletin,  No.  31,  1906. 
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the  conditions  of  our  experiments,  but  in  the  presence  of  diluted 
blood  it  effects  this  oxidation,  thus  indicating  that  the  oxygen 
contained  in  sodium  iodosobenzoate  is  capable  of  being  activated 
by  the  peroxidase  of  the  blood  in  this  reaction  and  supporting  the 
view  that  the  active  oxygen  which  it  contains  is  probably  capable 
of  being  utilized  directly  by  the  tissue  in  certain  oxidations.  The 
following  may  be  given  a  typical  experiment :  Mixtures  of  diluted 
human  blood  (diluted  approximately  1  :  1000)  y^g  sodium  phenol- 
phthalin,  ttj  sodium  iodosGbenzoate  and  water  were  placed  in 
test  tubes.     The  total  volume  was  in  each  case  made  up  to  7  cc. 


(1)  0.2  cc.  phenolphthalin 
6.8  cc.  water 

(2)  0.2  cc.  phenolphthalin 
0.2  cc.  diluted  blood 
6.6  cc.  water 

(3)  0.2  cc.  phenolphthalin 
0.2  cc.  iodosobenzoate 
6.6  cc.  water 


(4)  0.2  cc.  phenolphthalin 
0.2  cc.  iodosobenzoate 
0.2  cc.  diluted  blood 
6.4  cc.  water  , 

(5)  0.2  cc.  diluted  blood 
6.8  cc.  water 

(6)  0.2  cc.  diluted  blood 

0.2  cc.  sodium  iodosobenzoate 
6.6  cc.  water. 


After  standing  sixteen  hours  at  room  temperature  (20°)  1  cc. 
TIT  sodium  hydroxide  was  added  to  each  tube  with  the  following 
results : 

(5)  Colorless. 

(6)  Yellowish. 

(1),  (2)  and  (3)  were  of  about  the  same  tint,  namely,  very  faintly 
pink. 

(4)  Much  deeper  pink,  and  when  compared  with  (1),  (2) 
and  (3)  in  the  Duboscq-Soleil  colorimeter  it  was  found  to  be  just 
three  times  as  pink  as  (1),  (2)  and  (3). 

A  few  experiments  performed  with  sodium  iodoxybenzoate 
did  not  indicate  that  the  oxygen  of  this  substance  is  capable  of 
furnishing  oxygen  in  this  reaction.  The  results  are  not  conclusive, 
however,  and  it  is  our  intention  to  return  to  this  problem  as  soon 
as  the  opportunity  presents  itself.  The  problem  is  one  of  con- 
siderable interest  in  itself,  but  we  do  not  wish  to  attach  too  much 
importance  to  it  so  far  as  the  physiological  availability  of  the  oxy- 
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gen  is  concerned.  It  is  perfectly  conceivable  that  a  substance 
which  cannot  furnish  oxygen  for  this  reaction  may  still  be  util- 
ized as  an  oxidizing  agent  bj^  cells  for  physiological  oxidations  and 
the  reverse  of  this  is  also  probably  true.  The  study  justifies  itself 
because  it  is  the  only  evidence  which  we  can  obtain  in  test-tube 
experiments  of  the  probably  physiological  availabiUty  of  the  oxy- 
gen in  any  given  compound. 

The  effect  of  sodium  iodosohenzoate  and  iodoxybenzoate  on  the 
blood:  In  this  part  of  the  work  we  have  been  assisted  by  Dr. 
C.  H.  Bunting,  who  made  aU  of  the  blood  counts.  He  counted 
the  leucocytes,  the  erj^hrocytes,  and,  in  some  cases,  also  the  plate- 
lets. We  desire  to  express  our  thanks  to  him  for  his  valuable 
help.  We  have  made  the  haemoglobin  determinations  ourselves 
using  the  Miescher  apparatus. 

The  drugs  were  injected  by  placing  a  canula  into  the  external 
jugular  vein  of  rabbits  under  local  anaesthesia  and  as  nearly 
aseptically  as  possible.  The  insertion  of  the  canula  was  rendered 
necessary  because  it  was  desired  to  give  the  drugs  slowly  and  in 
considerable  volume,  conditions  which  preclude  ear  vein  injec- 
tion. 


Experiment  2.    Rabbit,  male,  1790  grams,  15  c.c.  of  ^  sodium  iodosobenzoate 
were  injected  during  a  period  of  twenty-nine  minutes 


BASMOOLOBIN  |  EBTTHROCTTES 


LEUCOCYTES 


COAGULATION 
TIME 


Five  hours  before  injection 
Injected  15  cc.  ^  sodium  io- 
dosobenzoate  

Twenty  hours  after  injection 
Forty-three   hours    after   in- 
jection  


per  cent 
93 


73 


Sixty-eight    hours    after    in-' 
jection 72 


6,384,000  9,000         3  minutes 


6,016,000    i      19,000 
5,600,000    I      11,000 


5,360,000 


11,000 


4  minutes 

3  minutes 
30  seconds 

3  minutes 
15  seconds 


Professor  Bunting  also  made  differential  counts,  the   results 
of  which  were  as  follows: 


114 


A.    S.    LOEVENHART   AND   W.    E.    GROVE 


Polymorphonuclears 

Eosinophiles 

Basophiles 

Small  mononuclears 
Large  mononuclears 

Totals 


november  3 

(before 
injection) 

NOVEMBER  4 

NOVEMBER  5 

NOVEMBER  6 

3 

6 

S 

3 

I 

a 

3 

0 

2160 

24.0 

11362 

59.8 

4422 

40.2 

4246 

38.6 

180 

2.0 

76 

0.4 

176 

1.6 

154 

1.4 

288 

3.2 

380 

2.0 

330 

3.0 

176 

1.6 

5922 

65.8 

6422 

33.8 

4818 

43.5 

5390 

49.0 

450 

5.0 

760 

4.0 

1254 

11.4 

1034 

9.4 

9000 

19000 

11000 

11000 

The  large  leucocytosis  noted  in  this  rabbit  is  thus  shown  to  be 
due  almost  entirely  to  the  increase  in  the  polymorphonuclear 
leucocytes  which  after  twenty-four  hours  were  found  to  be  in- 
creased more  than  five  times.  On  November  5,  forty-four  nucle- 
ated red  cells  were  found  indicating  blood  regeneration. 

With  this  large  amount  of  sodium  iodosobenzoate,  correspond- 
ing to  0.132  gram  of  free  iodosobenzoic  acid,  there  was  some  blood 
destruction  although  this  was  not  severe. 

At  the  completion  of  the  experiment  the  rabbit  was  killed  by 
a  blow  on  the  neck  and  an  autopsy  was  done.  The  only  note- 
worthy finding  at  autopsy  was  the  congestion  of  both  lungs  at 
the  base.  In  the  right  lung  there  was  a  triangular  haemorrhagic 
area  of  considerable  size.  The  condition  of  the  lungs  was  prob- 
ably sufficient  to  account  very  largely  for  the  degree  of  anaemia 
noted. 

Experiment  3.     Rabbit,  albino,  female,  1500  grams.    In  a  period  of  32  minutes 
15  cc.  -^Q  sodium  iodosobenzoate  were  injected  into  the  external  jugular  vein 


HAEMO- 
GLOBIN 

LEUCOCTTE8 

EBTTHBOCTTE8 

COAGULATION  TIME 

Before  injection 

per  cent 
86 

85 

10,000 

13,500 
12,500 

6,224,000 

6,032,000 
6,480,000 

2  to  2j  minutes 

Fifteen  cc.   f^  sodium  iodo- 
sobenzoate injected 

Twenty-two  hours    after  in- 
jection   

2    minutes 

Seventy  hours  after  injection 

One  hundred  and  twenty-five 

hours  after  injection 

1^  to  2  minutes 
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In  this  case  practically  no  blood  destruction  was  noted,  although 
the  same  dose  was  used  as  in  Experiment  2  and  the  rabbit  was 
smaller.  The  leucocytosis  in  this  case  was  much  less  marked 
than  in  the  previous  one. 

In  Experiment  1  in  which  a  male  rabbit  of  1800  grams  was  used 
the  platelet  count  fell  from  670,000  to  470,000  within  3|  hours 
after  injecting  30  cc.  of  a  f^  solution  of  the  iodosobenzoate.  The 
ratio  of  platelets  to  red  cells  fell  from  1:7.5  to  1:10  during  the 
interval.     There  was  no  oedema  of  the  lungs. 

Experiment  5.     Rabbit,  female,  2100  grams 


EBYTHBOCTTES 


LEUCOCYTES 


Before    injection 5,400,000 

Injected  10  cc.  ^  sodium  iodoxybenzoate; 

Nineteen  hours  after  injection \  5,000,000 

Forty-two  hours  after  injection I  5,416,000 


17,000 

25,000 
17,500 


No  nucleated  reds  appeared  in  the  circulating  blood.  The 
rabbit  remained  entirely  well.  Many  other  experiments  gave 
similar  results.  The  conclusions  to  be  drawn  regarding  the  effect 
of  the  substances  on  the  blood  when  injected  intravenously  are 
as  follow: 

1.  Both  sodium  iodosobenzoate  and  iodoxybenzoate  usually 
cause  a  more  or  less  marked  leucocytosis  affecting  especially  the 
polymorphonuclear  leucocytes. 

2.  Iodosobenzoate,  when  injected  in  quantities  of  15  cc.  ^ 
solution  in  rabbits  causes  a  certain  decrease  in  the  red  cells  in  the 
haemoglobin.  In  many  cases  the  destruction  is  entirely  insig- 
nificant, and  in  no  case  was  it  great. 

3.  After  iodosobenzoate  in  large  doses  rabbits  often  show  a 
haemorrhagic  condition  of  the  lungs.  There  may  be  simply  a 
very  marked  congestion  or  in  some  cases  haemorrhage  into  the 
lung  tissue  may  be  noted. 

As  further  evidence  of  the  extreme  degree  of  congestion  of 
the  lungs,  which  may  occur  in  some  cases  following  iodosobenzoate, 
we  have  frequently  noted  in  cats,  that  just  before  death  there 
escapes  from  the  trachea  very  large  amounts  of  a  blood  stained 
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frothy  fluid.     In  other  cases  neither  oedema  nor  congestion  of 
the  lungs  was  found  at  autopsy. 

THE    EFFECT    OF    SODIUM    lODBENZOATE,     lODOSOBENZOATE,     AND 
lODOXYBENZOATE     ON    THE     CIRCULATION    AND     RESPIRATION 

In  order  to  eUcit  the  effect  of  these  substances  on  the  circula- 
tion and  respiration  it  is  necessary  that  they  be  given  intraven- 
ously. The  reason  for  this  is  easily  seen  from  what  follows.  The 
activity  of  both  iodoso-  and  iodoxybenzoate  is  due  to  the  presence 
of  active  oxygen — the  reduction  product  is  quite  inactive  in  corre- 
sponding doses.  In  their  passage  into  the  blood  stream  either  from 
the  gastro-intestinal  tract  or  from  the  subcutaneous  tissues,  much 
or  all  of  this  active  oxygen  is  lost.  Hence  in  discussing  the  action 
of  the  substances  on  the  circulation  and  respiration  we  refer  in 
all  cases  to  experiments  in  which  the  salts  are  given  intraven- 
ously. 

Action  on  the  circulation 

As  previously  pointed  out,  sodium  iodbenzoate  does  not  con- 
tain active  oxygen  and  it  therefore  furnishes  a  valuable  control 
in  studies  of  iodoso-  and  iodoxybenzoate.  It  will  be  remembered 
that  iodosobenzoic  acid  is  an  exceedingly  weak  acid,  whereas 
iodoxybenzoate  acid  is  quite  strong.  Furthermore  these  two  sub- 
stances behave  quite  differently  in  certain  chemical  reactions. 
Thus  Hartmann  and  Meyer  found  that  iodosobenzoic  acid  on  treat- 
ment with  alkalis  yields  salicylate,  whereas  iodoxybenzoic  acid, 
although  richer  in  oxygen,  yields  the  salts  of  benzoic  and  iodic 
acids,  but  no  salicylate.  Hence  iodoso- and  iodoxybenzoates  differ 
widely  from  one  another  in  their  general  chemical  properties. 
They  have  one  chain  of  properties  in  common,  namely,  those 
dependent  on  the  presence  of  chemically  very  active  oxygen. 
On  the  other  hand,  iodbenzoic  acid  differs  from  the  other  sub- 
stances principally  in  that  it  contains  no  active  oxygen.  Hence 
any  pharmacological  property  possessed  by  both  iodoso-  and 
iodoxybenzoates  and  not  possessed  by  iodbenzoate  may  fairly  be 
attributed  to  the  active  oxygen  which  the  former  substances 
contain. 
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Sodium  iodbenzoate:  With  the  vagi  intact  the  injection  of 
5  cc.  of  inr  sodium  iodbenzoate  in  the  cat  or  rabbit  usually  causes 
a  rise  of  arterial  blood  pressure,  which,  though  not  large,  lasts  for 
some  minutes  (see  fig.  7).  The  rise  is  usually  8  to  10  mm.  of 
mercury,  although  a  rise  of  as  much  as  20  mm,  was  noted  in  some 
cases.  Sometimes  there  is  no  increase  in  the  blood  pressure  but 
the  point  of  interest  is  that  it  never  causes  a  fall  of  blood  pressure 
— at  least  it  has  never  occurred  in  our  experiments.  At  no  time 
during  its  action  does  it  cause  any  change  in  the  pulse  rate.  The 
very  sUght  decrease  in  the  pulse  rate  in  one  experiment  was  prob- 
ably secondary  to  the  considerable  rise  of  blood  pressure.  With 
the  blood  pressure  high  as  the  result  of  vagal  section,  iodbenzoate 
does  not  cause  a  rise  of  blood  pressiu'e.  The  harmless  character 
of  the  salt  when  injected  intravenously  stands  out  in  marked  con- 
trast to  the  other  salts.  In  an  experiment  on  a  cat  25  cc.  of 
the  -TO  solution  were  injected  before  cutting  the  vagi,  and  the  same 
amount  after  cutting  the  vagi,  corresponding  in  all  to  0.64  gram  of 
free  iodbenzoic  acid  and  at  the  end  of  the  experiment  the  blood 
pressure  was  180  mm.  and  the  pulse  rate  238.  At  the  beginning 
of  the  experiment,  with  the  vagi  intact,  the  blood  pressm-e  was 
149  mm.  and  the  pulse  rate  208.  This  indicates  how  bland  the 
salt  is  when  injected  intravenously.  We  have  not  determined 
the  factors  in  the  rise  of  blood  pressure,  but  certain  facts  would 
indicate  that  it  is  probably  largely  due  to  increased  cardiac 
output. 

Sodium  iodosobenzoate:  We  studied  the  action  of  this  substance 
in  a  large  number  of  experiments  using  cats,  rabbits  and  dogs. 
The  action  of  the  salt  on  the  circulation  is  essentially  the  same 
in  all  three  animals.  We  shall  describe  the  typical  action  of  the 
salt  first  and  then  deal  with  the  exceptions.  The  dose  required 
to  elicit  the  typical  action  varies  somewhat  in  different  animals, 
even  of  the  same  species. 

In  the  cat  the  first  indication  of  the  typical  effect  of  the  salt 
on  the  circulation  is  seen  when  1  cc.  of  the  tV  solution  (corre- 
sponding to  0.0132  gram  of  the  free  acid,)  is  injected  intravenously. 
It  may  be  necessary  to  repeat  this  dose  in  order  to  ehcit  the  action 
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of  the  salt  to  even  a  slight  extent.  The  full  activity  of  the  salt 
is  seen  after  the  injection  of  5  cc.  inr  solution  (0.066  gram  of  the 
free  acid).  In  this  case  there  is  at  first  a  sudden  fall  of  blood 
pressure  of  often  40  mm.  of  mercury  within  10  to  20  seconds  fol- 
lowing the  injection.  The  blood  pressure  then  continues  to  fall, 
but  more  gradually  for  the  next  minute  or  more,  during  which 
period  it  may  show  a  further  fall  of  10  to  20  mm.  of  mercury.  The 
blood  pressure  recovers  very  slowly.  There  is  no  change  in  the 
pulse  rate  at  any  time.  In  order  to  determine  the  factors  in  this 
fall  of  blood  pressure  we  have  studied  the  effect  of  the  salt:  (1) 
On  the  volume  changes  of  the  heart  using  a  cardio-plethysmo- 
graph  connected  with  a  piston  recorder.  (2)  On  the  volume  of  a 
loop  of  the  intestines  before  and  after  cutting  the  splanchnics.  (3) 
On  the  rate  of  outflow  from  the  mesenteric  vein  on  perfusing  the 
isolated  intestines  using  the  Wiggers  outflow  recorder. 

1.  Studies  with  the  cardioplethysmograph.  The  injection  of 
3  cc.  tV  sodium  iodosobenzoate  into  the  saphenous  vein  (cat) 
caused  a  marked  fall  of  blood  pressure.  During  the  time  that 
the  principal  fall  of  blood  pressure  occurred  there  was  practically 
no  change  in  the  rate  or  amplitude  of  the  heart  beat.  After  about 
one  minute  following  the  injection,  and  while  the  blood  pressure 
was  still  falling,  there  was  noted  a  loss  of  tone  affecting  systole 
much  more  than  diastole  and  resulting,  at  the  height  of  the  effect, 
in  a  decrease  of  about  15  per  cent  in  the  amplitude  of  the  beat. 
The  heart  rate  dropped  from  36  to  34  in  ten  seconds.  This 
effect  was  transitory.  F  /lowing  this  the  amplitude  gradually 
increased  until  it  was  about  15  per  cent  above  the  normal  and  the 
rate  fall  to  31  in  ten  seconds.  It  requ'fl'ed  from  2|  to  3  minutes 
for  the  heart  to  regain  its  previous  tone.  A  second  injection  of 
3  cc.  T^o  solution  again  caused  a  marked  fall  of  blood  pressure. 
Here  also,  after  the  principal  fall  of  blood  pressure  had  occurred, 
the  heart  became  dilated,  the  amplitude  decreased  markedly  and 
the  beat  became  irregular.  The  dilatation  became  extreme  four 
minutes  after  th\i  injection  and  remained  so  for  about  two  min- 
utes, whenit  slowly  recovered  and  the  heart  beat  became  almost 
normal  again.  During  the  period  of  cardiac  dilatation  the  blood 
pressure  fell  to  16  mm.     Figs.  1  and  2  reproduce  tracings  from 


PHARMACOLOGICAL  ACTION   OF   OXIDIZING   SUBSTANCES       119 

which  the  above  description  was  taken.     The  result  was  confirmed 
by  other  experiments. 

It  is  impossible  to  say  whether  or  not  the  cardiac  dilatation  and 
the  decreased  cardiac  output  is  the  cause  of  the  gradual  long 
continued  fall  of  blood  pressure  which  occurs  after  the  first 
rather  precipitous  fall.  It  may  be  that  the  cardiac  dilatation 
is  the  result,  rather  than  the  cause,  of  the  fall  of  arterial  blood 
pressure  and  the  increase  in  the  venous  pressure  resulting  from 
the  dilatation  of  the  peripheral  vessels.  The  improvement  in  the 
cardiac  condition  and  the  rise  of  blood  pressiu'e  occur  simulta- 
neously. The  fact  that  most  of  the  fall  of  blood  pressure  occurs 
before  the  efficiency  of  the  heart  is  materially  impaired  would 
indicate  that  the  decreased  efficiency  and  dilatation  of  the  heart 
are  the  result  of  the  fall  in  the  arterial,  and  the  rise  in  the  venous 
pressure.  The  conclusion  from  the  work  is  that  the  fall  of  blood 
pressure  under  sodium  io^ospbenzoate  is  certainly  not  entirely 
cardiac  in  origin. 

2.  The  effect  of  the  salt  on  the  volume  of  a  loop  of  the  small 
intestine  before  and  after  cutting  the  splanchnics,  showed  clearly 
that  the  fall  of  blood  pressure  is  due  to  a  dilatation  of  the  blood 
vessels  which  is  dependent  on  their  connection  with  the  nervous 
system.  Before  severing  the  splanchnic  nerves  the  iodosobenzoate 
caused  the  volume  of  the  loop  of  intestine  to  increase  while  the 
blood  pressure  was  falling,  whereas,  after  cutting  the  splanchnics, 
the  volume  of  the  loop  ran  parallel  to  the  blood  pressure  (figs. 
3  and  4). 

3.  In  order  to  preclude  further  any  direct  effect  on  the  vessel 
wall,  the  intestines  were  perfused  through  the  mesenteric  artery 
and  the  rate  of  outflow  from  the  vein  recorded.  All  nervous 
connection  was  severed.  Locke's  solution  without  bicarbonate 
was  used  as  the  perfusion  fluid.  The  iodosobenzoate  was  made 
up  with  Locke's  solution  to  a  ittt o  or  ifVo  solution.  In  neither 
case  did  the  salt  have  the  shghtest  effect  on  the  rate  of  outflow. 

The  initial  fall  of  blood  pressure  is  therefore  due  to  depression 
of  the  vaso-motor  center. 

Sometimes  iodosobenzoate  causes  a  rise  of  blood  pressure. 
The  most  marked  case  was  in  an  experiment  in  which  a  cat  was 
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Fig.  3.  Cat,  a,  Volume  of  loop  of  intestine,  piston  recorder,  h,  Carotid  pressure,  c,  S 
pen  and  zero  pressure,  d,  Time  in  seconds.  At  3,  3cc.  ^  iodosobenzoate  injected  into  femoral 
Splanchnics  intact.     Read  left  to  right.     (Reduced  to  |.) 
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Fig.  4.     (From  same  animal  as  Fig.  3.)     The  splanchnics  had  been  cut. 
iodosobenzoate  were  injected  into  femoral  vein. 

120 


At  7,  3.  cc.  ^j; 


PHARMACOLOGICAL  ACTION   OF   OXIDIZING   SUBSTANCES       121 

used.  In  this  case  the  first  injection  of  5  cc.  -?V  iodosobenzoate 
caused  tremendous  stimulation  although  the  animal  was  deeply 
anaesthetized  with  ether.  The  struggling  interfered  with  the  re- 
cording apparatus  so  that  the  height  of  blood  pressure  was  not 
recorded.  However,  when  the  struggling  ceased  the  blood  pressure 
on  the  return  toward  normal  was  182  mm.  compared  with  a  pre- 
vious normal  pressure  of  162  mm.  The  pulse  rate  at  this  time 
was  256,  the  normal  being  194.  A  second  injection  of  the  same 
dose  in  this  animal  caused  a  rise  of  blood  pressure  from  the 
normal  of  156  mm.  to  220  mm.  of  mercury,  the  pulse  rate  in- 
creasing from  176  to  216.  Subsequent  injections  produced  the 
typical  fall  of  blood  pressure.  In  a  few  cases  the  iodosoben- 
zoate caused  first  a  fall  and  later  a  considerable  rise  in  the 
blood  pressure.  Our  cardioplethysmographic  records  indicate 
that  the  secondarj^  rise  is  probably  due  to  increased  cardiac 
output.  When  very  small  quantities  of  iodosobenzoate  are  used 
(1  cc.  yfu  corresponding  to  0.00264  gram  of  the  free  acid),  an 
insignificant  rise  of  blood  pressure  may  be  noted.  The  cause  of 
the  rise  of  blood  pressure  which  is  sometimes  seen  with  the 
iodosobenzoate  has  not  been  determined.  In  the  cases  associate 
ed  with  struggling  it  is  probabl}'  due  to  the  muscular  contraction. 
In  other  cases  where  there  is  no  struggling  it  is  in  all  probabihty 
cardiac  in  origin.  We  have  always  found  that  at  certain  stages 
of  the  action  the  cardiac  output  is  increased,  and  when  this  is  un- 
usually large  and  not  sufficiently  antagonized  by  depression  of 
the  vaso-motor  center,  the  net  result  may  be  a  rise  of  the  arterial 
blood  pressure. 

Sodium  iodoxybenzoate:  The  action  of  this  substance  on  the 
circulation  is  identical  in  its  general  characteristics  with  that  of 
the  iodosobenzoate.  It  is  simplj^  less  powerful  than  the  iodoso- 
benzoate. The  fall  in  the  blood  pressure  in  the  typical  cases  is 
usually  less  marked  and  it  causes  a  rise  of  blood  pressure  in  a 
larger  percentage  of  the  cases  than  does  the  iodosobenzoate.  It 
is  not  so  depressing  on  the  heart  and  an  increase  in  the  cardiac 
output  is  the  rule.  Again  it  requires  more  of  this  salt  to  perma- 
nently injure  the  heart.     For  these  reasons  the  fall  of  blood  pressure 
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under  iodoxybenzoate,  even  though  it  caused  as  large  an  initial 
fall  is  more  rapidly  recovered  from  than  in  the  case  of  the  iodoso- 
benzoate.  A  typical  experiment  may  be  given.  Five  cubic 
centimeters  of  a  -ra  solution  were  injected  into  the  saphenous 
vein  of  a  cat.  The  blood  pressure  fell  within  eighteen  seconds 
from  120  to  70  mm.  The  blood  pressure  did  not  continue  to 
fall  from  this  point  as  in  the  case  of  iodosobenzoate  but  it  required 
about  ten  minutes  to  return  to  normal.  Cardioplethysmographic 
tracings  showed  that  the  fall  of  blood  pressure  is  not  due  to  any 
cardiac  effect  of  the  drug.  Perfusion  of  the  isolated  intestines 
recording  the  rate  of  outflow  proved  that  the  salt  does  not  act 
directly  on  the  vessel  wall  and  here  again  we  conclude  that  the 
salt  lowers  the  blood  pressure  by  depressing  the  vaso-motor 
center  We  believe  that  the  rise  of  blood  pressure  not  inf requentlj^ 
seen,  is  due  mainly  to  increased  cardiac  output,  although  we  have 
not  excluded  the  possibility  that  under  certain  conditions  the 
salt  may  stimulate  the  vaso-motor  center. 

The  respiration 

By  far  the  most  interesting  and  significant  action  of  these  sub- 
stances is  on  the  respiration.  As  in  the  case  of  the  circulation 
the  salts  must  be  injected  intravenously  in  order  to  elicit  their 
characteristic  effect. 

The  respirations  were  recorded  by  several  methods  and  fre- 
quently two  methods  were  used  in  the  same  experiment.  In 
most  cases  the  respiration  was  recorded  by  a  tambour  connected 
with  the  trachea  tube,  and  in  addition  in  the  experiments  with 
rabbits.  Head's  method  of  recording  the  respiration  from  the 
slip  of  the  diaphragm  was  employed.  In  many  of  the  experi- 
ments with  cats  the  respiration  was  also  recorded  directly  from 
the  diaphragm  by  means  of  a  thread  connecting  the  diaphragm 
with  a  receiving  tambour,  which  was  in  turn  connected  with  a 
recording  tambour,  using  air  transmission. 

Sodium  iodbenzoate:  In  ordinary  doses  of  5  cc.  /o  solution  or 
less  this  substance  does  not  affect  the  rate  or  amplitude  of  the 
respiration  in  the  cat,  dog  or  rabbit.  Hence  in  regard  to  its 
action  on  both  the  respiration  and  the  circulation  this  substance 
is  bland. 
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Sodium  iodosobenzoate  and  sodium  iodoxyhenzoate:  These  sub- 
stances have  practically  identical  effects  on  the  respiration,  so 
that  they  may  be  considered  together.  Their  characteristic 
effect  on  the  respiration  is  the  production  of  apnoea.^^  The 
respiration  always  stops  in  repose,  passive  expiration.  Apnoea 
may  be  produced  by  the  salts  either  with  the  vagi  intact  or  cut. 
The  latter  condition,  however,  favors  the  production  of  apnoea. 
Extremely  long  periods  of  apnoea  were  obtained  with  the  vagi 
cut.  The  interval  between  the  injection  and  the  production  of 
apnoea,  as  well  as  the  duration  of  the  apnoea,  depends  upon  the 
dose  and  apparently  upon  other  factors  of  which  we  are  entirely 
ignorant.  In  some  of  our  experiments,  apnoea  has  occurred  imme- 
diately at  the  completion  of  the  injection  of  the  salt — the  injec- 
tion having  lasted  10  to  12  seconds.  In  one  case  the  apnoea  began 
seven  seconds  after  an  injection  requiring  two  seconds.  In  other 
cases  the  interval  was  much  longer,  varying  between  eight  seconds 
and  four  minutes  in  our  series.  One  of  the  most  interesting  cases 
of  a  long  interval  between  the  injection  and  the  production  of 
apnoea  was  the  following,  which  also  illustrates  the  fact  that  it 
is  easier  to  produce  apnoea  with  the  salts  when  the  vagi  are  cut 
than  when  they  are  intact. 

Experiment  14-  A  cat  (3400  grams)  received  four  injections 
of  Txr  sodium  iodoxyhenzoate  of  2.5,  2.5,  5  and  5  cc.  respectively 
within  a  period  of  8^  minutes  without  more  than  a  slight  depres- 
sion of  the  respiration.  Seventeen  minutes  later  the  vagi  were 
cut  and  about  three  minutes  later  there  occurred  an  apnoea  which 
lasted  ninety-seven  seconds.  This  apnoea  began  twenty  minutes 
after  the  last  injection. 

The  duration  of  apnoea  in  our  series  of  twenty-five  experiments 

"  The  propriety  of  using  the  term  "apnoea"  in  this  connection  will  probably 
be  questioned.  The  term  really  means  a  temporary  cessation  of  the  respiration. 
Miescher  distinguished  two  forms  of  apnoea  designating  that  form  due  to  changes 
in  the  gaseous  composition  of  the  blood  as  "apnoea  vera"  and  that  due  to  the  stim- 
ulation of  the  vagus  and  the  sensory  nerves  of  the  larynx  and  nasal  mucosa  as, 
"apnoea  spuria."  The  same  chemical  changes  in  the  cells  of  the  center  may 
condition  both  forms  of  apnoea.  We  here  use  the  term  apnoea  because  we  believe 
the  cause  of  the  respiiatory  stoppage  to  be  essentially  the  same  as  in  apnoea  vera. 
The  reasons  for  this  conclusion  will  be  discussed  in  a  later  paper  by  one  of  us. 
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varied  from  a  few  seconds  up  to  one  hundred  and  fifty-one  seconds. 
Many  of  the  records  show  an  apnoea  of  from  1  to  2  minutes. 
In  some  experiments  apnoea  did  not  occur.  By  starting  with 
small  doses  it  can  be  obtained  in  the  cat  and  rabbit  almost  inva- 
riably. Apnoea  can  also  be  produced  in  the  dog,  but  large  amounts 
of  the  substance  may  be  required,  and  therefore  we  have  not  used 
dogs  in  many  experiments.  To  illustrate  how  much  of  the  salts 
dogs  will  stand,  we  may  cite  Experiment  5,  in  which  a  dog  of  6.5 
kilos  received  247  cc.  of  a  gji  solution  of  sodium  iodosobenzoate 
within  a  period  of  1|  hours.  This  caused  a  respiratory  pause  of 
only  four  seconds.  The  respiratory  rate  was  decreased.  This 
quantity  of  the  salt  did  not  kill  the  animal.  In  Experiment  4 
a  dog  of  10.1  kilos  received  153  cc.  of  a  2^  and  25  cc.  of  a  1X2 
solution  of  sodium  iodosobenzoate.  There  occurred  a  respira- 
tory pause  of  thirty-seven  seconds.  Death  in  this  case  was  due 
to  the  salt.  The  heart  continued  to  beat  forty-three  seconds  after 
the  respiration  stopped. 

Death  under  these  substances  is  due  almost  invariably  to 
failure  of  the  respiration,  the  heart  continuing  to  beat  from 
thirty  seconds  to  five  minutes  after  the  respiration  ceases. 

The  production  of  apnoea  by  the  salts  is  entirely  independent 
of  blood  pressure  changes.  They  were  obtained  with  a  rise  of 
blood  pressure  in  some  cases  and  with  a  fall  of  blood  pressure  in 
others.  Sometimes  the  injection  of  the  salts  is  not  followed  by 
apnoea,  but  the  depression  of  the  respiration  is  merely  indicated 
by  a  decrease  in  the  rate  and  depth  of  the  respiration. 

So  far  we  have  only  spoken  of  respiratory  depression,  but  we 
also  have  abundant  evidence  of  stimulation  of  the  respiration  by 
the  salts.  The  primary  effect  is  occasionally  an  increase  in  the 
rate  and  depth  of  the  respiration.  This  usually  occurs  after 
large  doses  and  threshhold  doses  seldom  cause  dyspnoea.  1* 

Frequently  the  injection  of  a  good  sized  dose,  such  as  5  cc. 
TfT  solution,  causes  for  a  very  brief  period  a  decrease  in  the  rate 
and  depth  of  the  respiration  immediately  following  the  injection 
and  lasting  but  a  few  seconds  to  be  replaced  by  extreme  dyspnoea. 

"  There  is  great  variation  in  the  dose  required  to  produce  the  same  effect  in 
different  animals. 
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A  probable  explanation  of  this  apparently  paradoxical  result 
will  be  considered  in  a  later  paper  by  one  of  us,  dealing  vsdth  a 
theory  of  the  respiration.  A  few  typical  examples  of  the  effect 
of  the  salts  on  the  respiration  may  be  given. 

In  cats  and  rabbits  the  threshhold  dose  usually  required  to 
produce  an  effect  on  the  respiration,  may  be  placed  at  1  or  2  cc. 
rrff  solution,  which  corresponds  to  0.00264  to  0.00528  gram  of 
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Fig.  5.     At  3.11,  5  cc.  I'q  NaOH  injected  into  saphenous  vein, 
same  as  in  Fig.  6. 
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the  free  acid.  In  some  animals  1  cc.  or  more  of  A  solution  may 
be  required  to  ehcit  the  effect.  In  a  cat  of  4.3  kilos  (Experiment 
24)  the  injection  of  1  cc.  tw  solution  of  iodosobenzoate  was  fol- 
lowed ten  seconds  later  by  a  respiratory  pause  of  five  seconds,  and 
thirty-five  seconds  later  another  pause  of  five  seconds  occurred. 
The  respiratory  rate  was  decreased  from  32  to  28  per  minute 
and  remained  below  normal  until  the  next  injection  was  made. 
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The  amplitude  of  the  respiration  was  very  shghtly  increased. 
Dyspnoea  did  not  follow  this  injection.  The  effect  was  purely 
a  depression  of  the  respiration.  Two  minutes  after  this  injection 
a  second  injection  of  2  cc.  t^t  iodosobenzoate  was  made.  Seven 
seconds  later  there  occurred  an  apnoea  of  14|  seconds  duration. 
This  dose  was  followed  by  a  rise  of  blood  pressure  (114  to  120  mm.) 
most  of  which  occurred  during  the  apnoea.  Following  the  apnoea 
there  was  a  very  slight  increase  in  the  rate  and  depth  of  the  res- 
piration.    There  was  no  dyspnoea. 

A  cat  of  2400  grams  (Experiment  13),  in  which  the  vagi  had  been 
cut  received  at  4:13  p.m.  5  cc.  -j\  iodosobenzoate.  There  occurred 
several  long  pauses  in  the  respiration  immediately  following  the 
injection.  After  it  became  more  regular  the  rate  was  reduced 
from  20,  the  normal,  to  16  per  minute.  At  4:16,  3  cc.  iV  iodoso- 
benzoate were  injected.  This  further  reduced  the  respiratory  rate 
to  13.  At  4:17^,  5  cc. /o  iodosobenzoate  were  injected.  The 
respiratory  rate,  which  had  returned  to  20  was  immediately  reduced 
to  14,  and  gradually  diminished  in  size  until  after  seventy-four  sec- 
onds an  apnoeic  period  of  twenty  seconds  occurred.  Respiration 
was  then  resumed,  at  first  of  fair  depth  but  gradually  diminishing 
in  rate  and  size.  After  11  respirations  within  fifty-six  seconds  a 
period  of  apnoea  lasting  twenty-five  seconds  occurred,  followed 
by  a  single  shallow  respiration  and  then  apnoea  of  eighty-six 
seconds.  The  blood  pressure  remained  above  50  mm.  until  the 
last  few  seconds  when  it  dropped  a  few  millimeters.  Following  the 
long  apnoea,  there  gradually  developed  most  extreme  dyspnoea, 
lasting  about  two  minutes  when  the  respiration  finally  ceased,  the 
heart  continuing  to  beat  one  hundred  and  sixty-four  seconds  after 
the  last  respiration.  This  experiment  illustrates  fatal  apnoea 
under  the  salt,  and  closely  resembles  the  fatal  apnoea  described  by 
Henderson^^  but  produced  by  apparently  entirely  different  means. 
We  shall  try  to  show  later  that  the  mechanism  is  probably  essen- 
tially the  same.  It  is  very  dijfficult  to  determine  whether  iodo- 
sobenzoate or  iodoxybenzoate  acts  the  more  powerfully  on  the 
respiration,  as  it  is  difficult  to  get  comparable  experiments  in  the 
same  animal  since  the  animal  seldom  responds  to  the  same  extent 

«  Amer.  Jour,  of  Physiol,  25,  310  (1910). 
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to  successive  doses.  In  some  animals  an  increased  susceptibility 
and  in  other  animals  a  decreased  susceptibility  to  the  second  dose 
is  noted.  The  effect  of  iodosobenzoate  in  depressing  the  circu- 
lation so  much  more  than  iodoxybenzoate,  tends  to  enhance  its 
effect  upon  the  respiration. 

The  great  difference  noted  between  the  effects  on  the  respira- 
tory and  vaso-motor  centers  of  iodbenzoate  on  the  one  hand,  and 


g.  8.     From  same  experiment  as  Figs.  5,  6  and  7.     At  3.41  P.M.  S.cc.lj  bodium 
iodbenzoate  injected  into  saphenous  vein. 

iodosobenzoate  and  iodoxybenzoate  on  the  other,  must  be  attrib- 
uted to  the  active  oxygen  which  the  latter  substances  contain. 
As  previously  pointed  out,  the  latter  substances  differ  from  iod- 
benzoic  acid  in  the  possession  of  this  active  oxygen.  Iodosoben- 
zoate and  iodoxybenzoate  have  the  same  effect  on  the  respiratory 
center  and  yet  they  differ  quite  markedly  from  one  another  chem- 
ically.    The  common  pharmacological  activity  must  be  due  to 
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their  common  chemical  potentiality,  namely,  the  presence  of 
active  oxygen  in  available  form.  In  the  following  experimer+. 
(No.  17)  it  would  appear  that  the  iodoxybenzoate  is  the  more 
powerful  in  its  effect  upon  the  respiration.  In  this  experiment 
5  cc.  tV  sodium  hydroxide  was  first  given  as  v.  control  to  exclude 
any  possible  alkali  effect,  then  5  cc.  to  sodium  iodoxybenzoate 
were  given  at  3:17|  p.m.  At  3:33  p.m.  5  cc.  inr  sodium  iodoso- 
benzoate  were  injected  and  at  3:41  5  cc.  tV  sodium  iodbenzoate. 
The  animal  used  was  a  female  cat  weighing  2100  grams.  The 
vagi  were  intact.  The  record  speaks  for  itself  and  requires  no 
comment.  (Fig.  5,  6,  7  and  8.)  We  shall  consider  certain  other 
substances  which  cause  temporary  cessation  of  the  respiration  in 
the  communication  following  this  one. 

SUMMARY 

1.  Improved  methods  for  making  and  purifying  iodbenzoic, 
iodosobenzoic,  and  iodoxybenzoic  acids  are  described. 

2.  The  local  action  of  the  free  acids  and  their  sodium  salts 
are  described.  The  results  show  that  of  the  sodium  salts,  those 
of  iodbenzoic  and  iodoxybenzoic  acids  are  mild,  while  that  of  iodoso- 
benzoic acid  is  extremely  irritating  when  injected  subcutaneously 
or  intraperitoneally. 

3.  It  is  shown  that  sodium  iodosobenzoate  and  iodoxy- 
benzoate, in  dilute  solution,  have  a  peculiar  metallic  taste  very 
much  like  that  of  hydrogen  peroxide  and  it  is  suggested  that  the 
active  oxygen  confers  upon  all  of  these  compounds  their  peculiar 
taste. 

4.  Solutions  of  sodium  iodosobenzoate  and  iodoxybenzoate 
immediately  oxidize  haemoglobin  to  oxyhaemoglobin. 

5.  The  peroxidase  of  the  blood  enables  sodium  iodosoben- 
zoate to  oxidize  phenolphthalin  to  phenolphthalein;  in  other 
words,  it  can  furnish  oxygen  for  this  peroxidase  reaction  in  the 
same  manner  that  hydrogen  peroxide  does. 

6.  Sodium  iodosobenzoate  and  sodium  iodoxybenzoate,  when 
injected  intravenously,  do  not  exercise  a  destructive  action  on 
the  blood  to  any  extent.  Leucocytosis  of  a  moderate  grade  may 
be  noted. 
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7.  In  order  to  elicit  their  characteristic  effects  on  the  circu- 
lation and  respiration  the  salts  must  be  injected  intravenously. 

8.  On  the  Circulation:  Sodium  iodbenzoate  is  but  very 
slightly  active,  causing  a  rise  of  arterial  blood  pressure.  The 
mechanism  by  which  this  is  brought  about  was  not  determined. 

Sodium  iodosobenzoate  usually  causes  a  marked  and  long  con- 
tinued fall  of  blood  pressure.  During  the  time  that  the  blood  pres- 
sure shows  the  greater  part  of  the  fall,  the  heart  rate  and  ampUtude 
are  hardly  affected.  The  salt  causes  dilatation  of  a  loop  of  intes- 
tine when  the  splanchnic  nerves  are  intact,  but  not  after  they 
are  cut.  It  does  not  affect  the  caUber  of  blood  vessels  by  periph- 
eral action.  Hence  it  depresses  the  vaso-motor  center.  At  cer- 
tain stages  the  salt  increases  the  cardiac  output  and  we  believe 
this  to  be  the  mechanism  involved  in  the  rise  of  blood  pressure 
occasionally  noted. 

Sodium  iodoxybenzoate  acts  similarly  to  the  iodosobenzoate 
on  the  circulation,  but  its  action  is  not  so  marked.  It  causes  a 
rise  of  blood  pressure  in  a  larger  per  cent  of  the  cases  than  iodoso- 
benzoate and  is  less  depressing  on  the  heart.  The  usual  fall  of 
blood  pressure  is  due  to  depression  of  the  vaso-motor  center. 

9.  On  the  Respiration:  Sodium  iodbenzoate  contains  no 
active  oxygen  and  in  the  doses  we  employed  it  does  not  affect 
the  rate  or  depth  of  the  respiration.  Sodium  iodosobenzoate 
and  sodium  iodoxybenzoate  have  about  the  same  effect  on  the 
respiration.  They  both  cause  cessation  of  the  respiration  in 
repose,  in  dogs,  cats  and  rabbits.  The  best  results  are  obtained 
with  cats.  The  period  of  apnoea  usually  begins  within  a  few 
seconds  after  starting  the  injection  and  lasts  from  a  few  sec- 
onds up  to  2  or  3  minutes  and  is  terminated  by  spontaneous 
return  of  the  respiration.  Apnoea  may  come  on  several  minutes 
after  the  last  injection.  Apnoea  is  more  easily  produced  by  the 
drugs  after  section  of  the  vagi,  but  this  is  not  essential.  Apnoea 
may  occur  with  a  rising  or  a  f  alhng  blood  pressure  and  is  independ- 
ent of  it.  During  the  apnoea  there  is  usually  a  fall  of  blood  pres- 
sure, while  the  pulse  rate  remains  normal. 

10.  Of  the  medullary  centers,  the  respiratory  center  is  the 
most  sensitive  to  sodium  iodosobenzoate  and  iodoxybenzoate. 
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The  vaso-motor  center  is  next  and  the  cardio-inhibitory  center 
is  not  affected  by  them. 

11.  It  is  pointed  out  that  the  remarkable  effect  of  sodium  iodo- 
sobenzoate  and  iodoxybenzoate  on  the  respiration  and  also  their 
effect  on  the  vaso-motor  center,  must  be  due  to  activity  of  the 
oxygen  combined  with  the  iodine  in  these  compounds. 
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Hydrocyanic  acid  is  known  to  depress  physiological  oxidations 
as  was  first  proved  by  the  classical  work  of  Geppert.^  Many 
investigators,  beginning  with  Schonbein,^  have  shown  that  hydro- 
cyanic acid  inhibits  the  activity  of  the  oxidizing  enzymes.  This  is 
the  only  fundamental  chemical  process  occurring  in  living  matter 
which  is  known  to  be  influenced  by  this  substance  and  since  its 
physiological  and  toxicological  effects  can  be  readily  and  satis- 
factorily explained  on  the  basis  that  its  effects  are  due  to  depres- 
sion of  physiological  oxidation,  it  would  be  a  purely  gratuitous 
assumption  to  suppose  that  its  effects  result  from  changes  in  any 
other  chemical  activity  in  the  cells.  We  therefore  conclude,  that 
in  the  light  of  present  knowledge,  the  effects  of  hydrocyanic  action 
on  the  function  of  any  cell  is  the  expression  of  the  reaction  of  that 
cell  to  diminished  oxidation.  Therefore  if  sodium  iodosobenzoate 
is  capable  of  accelerating  physiological  oxidation  we  should  expect 
to  find  an  antagonism  between  hydrocyanic  acid  and  iodosoben- 
zoate. 

The  effect  of  hydrocyanic  acid  on  the  respiration  is  now  uni- 
versally recognized  as  central.  It  is  unaffected  by  section  of 
the  vagi  or  by  the  administration  of  atropine.^  It  is  well  known 
that  hydrocyanic  acid  is  one  of  the  strongest  stimulants  for  the 

1  The  expenses  of  this  research  have  been  partly  defrayed  by  a  grant  from  the 
Rockefeller  Institute  for  Medical  Research. 

2  Zeitschrift  f.  klin.  Med.,  15-208,  307  (1889). 
'  Zeitschrift  f.  Biol.,  3-140,  325  (1867). 

*  Boehme  and  Knie:    Arch.  f.  exper.  Pathol,  und  Pharmacol.,  2,  129  (1874). 
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respiratory  center.^  The  injection  of  threshhold  doses  intra- 
venously increases  the  rate  and  depth  of  the  respirations.  When 
larger  quantities  are  injected  there  is  often  noted  a  slowing  of 
the  respiratory  rate  and  a  great  increase  in  the  depth  of  the 
respirations.  Still  larger  quantities  cause  depression  and  paraly- 
sis of  the  respiration  and  death  soon  ensues.  These  results 
have  been  obtained  by  a  great  many  investigators  and  ^re  among 
the  most  constant  responses  of  the  vital  mechanism  to  drugs. 
We  have,  however,  noted  an  interesting  phenomenon  in  the  re- 
sponse of  the  respiratory  center  to  hydrocyanic  acid  to  which 
attention  has  not  previously  been  called. 

When  somewhat  more  than  the  threshhold  dose  of  hydrocyanic 
acid  is  injected  intravenously  into  rabbits  we  have  noted  that 
there  is  complete  stoppage  of  the  respiration  for  periods  varying 
in  our  experiments  from  a  few  seconds  up  to  230  seconds  and 
terminating  with  spontaneous  return  of  the  respiration.  The 
rabbits  were  anaesthetized  by  giving  0.1  gram  chloral  and  0.5 
gram  urethane  per  kilo  subcutaneously  and  ether  was  used  during 
the  operative  procedures.  The  respiration  was  recorded  by  means 
of  a  tambour  connected  with  the  tracheal  tube  by  means  of  a 
T-tube  and  in  most  of  the  experiments  Head's  method  of  record- 
ing the  respiration  from  the  isolated  strip  of  the  diaphragm  was 
also  employed. 

In  order  to  obtain  complete  temporary  stoppage  of  the  respir- 
ation, it  is  necessary  to  inject  from  0.5  to  1  cc.  tV  solution  per 
kilo  of  hydrocyanic  acid  or  sodium  cyanid  (about  1  mg.  hydro- 
cyanic acid  or  about  2.0  mg.  sodium  cyanid).  The  injection 
should  be  made  rapidly,  and  it  is  better  to  plunge  the  needle  of 
the  hypodermic  syringe  directly  into  the  vein  rather  than  to 
connect  the  syringe  to  the  vein  by  means  of  a  canula,  as  the  latter 
delays  the  injection  and  requires  washing  out.  In  most  cases 
the  stoppage  occurs  in  passive  expiration  but  it  may  occur  in 
any  phase  of  the  respiration.  If  it  does  occur  in  active  inspir- 
ation or  expiration  the  position  of  passive  expiration  is  gradually 
assumed  during  the  stoppage.     It  is  difficult  or  impossible  to 

•  Heinz :  Handbuch  der  experimentellen  Pathologic  und  Pharmakologie.  Jena, 
1906,  vol.  2,  p.  588. 
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bring  on  the  respiratory  pause  without  at  least  a  very  brief  pre- 
liminary stage  of  stimulation.  If  a  small  portion  reaches  the 
respiratory  center  first  it  results  in  a  stage  of  stimulation,  the  dur- 
ation of  which  depends  on  the  time  required  for  the  full  dose  to 
reach  the  center.  In  order  to  produce  the  temporary  paralysis 
it  is  necessary  for  the  full  dose  to  be  injected  within  a  few  seconds. 
The  larger  the  dose,  up  to  the  lethal  dose,  and  the  more  rapidly 
it  is  given,  the  longer  will  be  the  respiratory  pause.  Respiratory 
paralysis  of  1  to  2  minutes  duration  can  be  obtained  almost 
without  exception.  The  temporary  paralysis  of  the  respiration 
is  independent  of  the  vagi  as  it  occurs  whether  they  are  intact 
or  cut.  The  type  of  respiration  noted  on  recovery  from  the  par- 
alysis varies  somewhat  with  different  individuals.  In  some  cases 
the  first  respirations  are  very  small  and  gradually  increase  in 
size  until  they  are  many  times  larger  than  the  normal  respira- 
tions. During  this  period  the  rate  is  very  slow.  The  respira- 
tions then  gradually  decrease  in  size  and  increase  in  rate  until 
the  normal  is  reached.  The  return  to  normal  requires  15  to  20 
minutes  or-  more.  The  circulatory  phenomena  associated  with 
the  period  of  apnoea  are  interesting  and  important  in  the  inter- 
pretation of  the  mode  of  action  of  hydrocyanic  acid.  Within  2 
to  5  seconds  following  the  injection  the  heart  rate  is  very  much 
decreased,  due  in  part  to  stimulation  of  the  cardio-inhibitory 
apparatus  centrally,  and  in  part  to  direct  action  on  the  heart. 
This  is  shown  by  the  fact,  that  if  both  vagi  are  cut  during  the 
stage  of  exceedingly  slow  heart  rate,  the  heart  rate  increases  mark- 
edly but  does  not  return  to  the  normal  rate.  Hence  the  cardio- 
inhibitory  center  is  largely  but  not  entirely  responsible  for  the 
slow  heart  rate.  If  atropine  is  now  given  in  quantities  sufficient 
to  paralyze  the  vagal  endings  the  heart  rate  does  not  increase. 
Hence  the  residual  slowing  must  be  attributed  to  the  direct  action 
of  hydrocyanic  acid  on  the  heart. 

The  slow  pulse  may  continue  throughout  the  period  of  respira- 
tory paralysis  and  for  three  or  four  minutes  after  the  return  of 
the  respiration  when  it  gradually  becomes  normal. 

In  spite  of  the  great  slowing  of  the  heart  rate  the  blood  pressure 
rose  40  mm.  in  one  case  due  to  stimulation  of  the  vaso-motor 
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center.  In  another  experiment  the  blood  pressure,  after  a  very 
small  and  transitory  rise,  fell  40  mm.  indicating  that  the  vaso- 
motor center,  like  the  respiratory  center,  was  much  depressed. 
The  return  to  normal  was  very  gradual  and  required  several 
minutes.  The  work  clearly  shows  that  the  respiratory  center  is 
much  more  sensitive  to  hydrocyanic  acid  than  the  cardio- 
inhibitory  or  the  vaso-motor  centers.  In  threshhold  doses  the 
respiration  is  affected  before  the  other  centers  show  any  response 
whatever.  Larger  doses  are  usually  required  to  slow  the  heart 
than  to  stimulate  the  vaso-motor  center.  When  excessive  doses 
are  used  the  respiration,  having  passed  through  a  short  stage  of 
stimulation,  is  paralysed  temporarily  while  the  vaso-motor  center 
and  cardio-inhibitory  center  are  still  in  the  stage  of  stimulation. 
The  relative  sensitiveness  of  these  three  centers  to  hydrocyanic 
acid  is  of  much  interest  as  it  corresponds  exactly  with  what  has 
been  found  when  the  medulla  is  rendered  anaemic.^ 

In  connection  with  the  power  of  hydrocyanic  acid  to  cause 
temporary  stoppage  of  the  respiration  it  is  of  interest  to  review 
the  action  of  other  substances  which  have  a  similar  effect. 

A  number  of  substances  are  known  which  cause  temporary 
stoppage  of  the  respiration.  Tappeiner^  in  1896  studied  the 
action  of  phenylmethyl-isoxazol-chlormethylate  and  also  that  of 
certain  pyrazol  derivatives  on  the  circulation  and  respiration. 
The  first  mentioned  substance  causes  a  temporary  stoppage  of 
the  respiration,  lasting  in  one  case  as  long  as  80  seconds. 
Tappeiner  states  that  the  respiration  stops  in  active  expiration. 

Each  injection  is  followed  by  a  very  marked  slowing  of  the 
pulse  rate  which  ceases  after  section  of  the  vagi  and  is  therefore 
due  to  stimulation  of  the  vagal  center.  The  blood  pressure 
always  rose  from  10  to  20  mm.  following  each  injection,  due  to 
stimulation  of  the  vaso-motor  center  which  more  than  compen- 
sated for  the  slowing  of  the  pulse.  Tappeiner  found  that  the 
effects  of  the  drug  resemble  the  reflex  described  by  Kratschmer.* 
Kratschmer  showed  that  the  injection  of  irritating  vapor  into 

•  J.  A.  E.  Eyster:    Jour,  of  Exp.  Med..  8,  565  (1906). 
7  Arch.  f.  exp.  Path.  u.  Pharmacol.,  37-325  (1896). 
«  Sitzungsberichte  d.  Wiener  Akad.,  62-147  (1870). 
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the  nostrils  of  the  rabbit  causes  cessation  of  the  respiration  in 
active  expiration,  a  rise  in  the  arterial  blood  pressure  and  a  slow- 
ing of  the  pulse.  Tappeiner  used  only  rabbits  in  his  studies  and 
found  that  cocainization  of  the  nasal  mucosa  prevents  the  drug 
from  exhibiting  its  characteristic  effects.  He  concluded  that 
the  action  of  phenylmethyl-isoxazol-chlormethylate  is  peripheral, 
causing  a  specific  stimulation  of  the  nerve  endings  of  the  oph- 
thalmic branch  of  the  fifth  nerve  in  the  nasal  mucosa. 

Jodlbauer,^  in  Tappeiner' s  laboratory,  studied  the  action  of 
tetramethyl-ammonium  chloride  given  intravenously  to  rabbits 
and  found  that  it  causes  a  respiratory  stoppage  of  4  to  15  seconds 
duration,  depending  on  the  dose.  He  showed  that  the  stoppage 
occurs  in  strong  expiration  and  can  be  prevented  by  cocainizing 
the  nasal  mucosa.  There  is  stimulation  of  the  vagus  centrally 
and  peripherally  and  of  the  vaso-motor  center.^"  The  Kratschmer 
reflex  fails  entirely  in  dogs  and  is  incomplete  in  cats  and  he  finds 
that  the  drug  cannot  cause  cessation  of  the  respiration  in  either 
dogs  or  cats.  He  therefore  concludes  that  tetramethyl-ammo- 
nium chloride  acts  by  stimulating  the  endings  of  the  oph- 
thalmic branch  of  the  trigeminus  as  had  been  previously  found  by 
Tappeiner  for  the  quaternary  base  investigated  by  him.  Pohl^^ 
found  that  certain  quaternary  papaverin  bases  injected  intraven- 
ously cause  stoppage  of  the  respiration  in  expiration.  He  states 
that  soon  after  the  respiratory  stoppage  asphyxial  phenomena 
occur,  vagal  pulse,  fall  of  arterial  blood  pressiu-e  and  convulsions, 
and  the  animal  rapidly  dies.  If  the  dose  is  small  the  respiratory 
pause  is  only  short  and  respirations  return  at  first  shallow  but 
gradually  become  normal.  He  found  that  the  stoppage  of  the 
respiration  occurs  after  cocainizing  the  nasal  mucosa  and  after 
sectioning  the  ophthalmic  branches  of  the  trigeminus  on  both 
sides.  Hence  he  concludes  that  the  drug  acts  centrally.  He 
found  that  tetramethyl-ammonium  chloride  also  causes  stoppage 
of  the  respiration  after  section  of  the  ophthalmic  branch  of  the 

» Arch,  internation.  de  Pharmacodyn.  et  de  Th^rapie,  7-187  (1900). 
1"  It  is  clear  the  stimulation  of  the  vagal  endings  could  not  be  due  to  the 
Kratschmer  reflex. 

"  Arch,  internat.  de  Pharmacodyn.  et  de  Th6rapie,  13-479  (1904). 
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trigeminus  on  both  sides  and  concludes  that  it  acts  centrally  and 
not  peripherally  as  found  by  Jodlbauer.  Pohl's  work  leaves  little 
room  for  doubt  that  these  substances  act  centrally. ^^  Marshall^' 
found  that  protocatechyl-tropeine  in  doses  of  0.005  to  0.01  gram 
causes  paralysis  of  the  respiration  when  injected  intravenously 
into  anaesthetized  rabbits  or  cats.  Complete  stoppage  usually 
occurred  in  10  seconds  after  beginning  the  injection  and  lasted 
4  to  20  seconds  according  to  the  dose.  Frequently  after  0.01 
gram  the  respirations  did  not  return.  The  respiration  ceases  in 
the  expiratory  phase.  Marshall  further  found  that  protocate- 
chyl-tropeine still  causes  the  characteristic  stoppage  of  the  res- 
piration after  excision  of  the  brain  above  the  pons  and  excision 
of  both  fifth  nerves.  The  drug  is  active  in  cats  in  which  animals 
the  Kratschmer  reflex  is  not  complete  so  far  as  the  circulation 
is  concerned,  although  they  show  stoppage  of  the  respiration  when 
irritating  gases  are  blown  into  the  nostrils.  He  concluded  that 
this  tertiary  base  acts  centrally.  In  doses  which  cause  respira- 
tory stoppage,  Marshall  notes  that  all  of  these  substances  cause  a 
decrease  in  the  pulse  rate,  but  he  states  that  this  is  independent 
of  the  respiratory  stoppage  because  they  do  not  occur  synchro- 
nously and  the  relative  effects  vary  with  different  substances.  A 
rise  or  a  fall  of  blood  pressure  may  be  noted.  On  comparing  the 
action  of  these  drugs  with  that  of  hydrocyanic  acid  we  see  that  they 
present  the  following  points  in  common: 

1.  All  cause  temporary  stoppage  of  the  respiration  in  appro- 
priate doses. 

2.  All  are  very  toxic,  death  being  due  to  respiratory  failure. 

3.  All  cause  marked  slowing  and  greatly  increased  amplitude 
of  the  pulse  due  partially  to  stimulation  of  the  cardio-inhibitory 
center. 

4.  Doses  required  to  cause  temporary  cessation  of  the  respir- 
ation may  cause  a  rise  or  a  fall  of  blood  pressure  depending  on 
the  extent  to  which  the  stimulation  of  the  vaso-motor  center 
is  capable  of  compensating  for  the  decreased  output  of  the  heart. 

^2  Quite  recently  Marshall  has  repeated  the  work  of  Pohl  on  tetramethyl  ammo- 
nium chloride  with  the  same  results. 

^*  Jour,  of  Physiol.,  38;  Proc.  of  the  Physiol.  Soc,  Ixxxiv,  June  5,  1909. 
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There  is,  therefore,  a  very  close  correspondence  between  the 
respiratory  and  circulatory  effects  of  phenyl-methyl-isoxazol- 
chlormethylate,  tetramethyl-ammonium  chloride,  the  quaternary 
bases  studied  by  Pohl,  protocatechyl-tropeine  and  hydrocyanic 
acid.  Hydrocyanic  acid,  in  smaller  doses  than  are  required 
to  produce  temporary  respiratory  paralysis,  is  a  powerful 
stimulant  for  the  respiratory  center.  Jodlbauer  notes  that  tetra- 
methyl-ammonium chloride  injected  subcutaneously  in  rabbits 
increases  the  rate  and  depth  of  the  respirations.  He  found  that 
this  substance  acts  on  dogs  and  cats  only  as  a  respiratory  stimu- 
lant. Very  recently  Marshall^^  has  investigated  the  action  of 
tetramethyl-ammonium  chloride  on  the  respiration.  He  found 
that  it  causes  a  transient  stimulation  of  the  respiratory  center 
increasing  both  the  rate  and  depth  of  the  respirations  in  many 
decerebrated  animals.  He  concludes  that  the  temporary  paral- 
ysis of  the  respiration  under  this  substance  is  due  mainly  to  a 
paralyzing  action  on  the  motor-endings  of  the  respiratory  muscles. 
Unfortunately  it  is  not  recorded  whether  the  other  drugs  which 
temporarily  paralyze  the  respiration,  stimulate  it  when  smaller 
doses  are  used.  Tappeiner  states  that  phenylmethyhsoxazol- 
chlormethylate  often  causes  convulsions  during  the  respiratory 
paralysis.  This  is  also  occasionally  seen  when  hydrocyanic 
acid  is  injected  in  the  doses  which  we  have  recommended  for 
producing  temporary  respiration  paralysis.  It  would  seem,  there- 
fore, to  be  highly  probable  that  the  other  drugs  mentioned  act 
in  the  same  manner  as  hydrocyanic  acid,  namely,  by  retarding 
physiological  oxidation.  We  have  found,  however,  that  tetra- 
methyl-ammonium chloride  does  not  retard  the  direct  guaiacum 
reaction  of  the  extract  of  potato  peel  nor  does  it  interfere  with 
the  guaiacum  peroxidase  reaction  of  human  blood  or  saliva.  It 
does  not  inhibit  the  catalytic  decomposition  of  hydrogen  peroxide 
by  human  blood.  In  all  of  these  respects  it  differs  markedly  from 
hydrocyanic  acid.  If  this  substance  does  act  by  inhibiting 
oxidation  in  the  cells  of  the  medullary  centers,  either  it  must  be 
specific  for  the  oxidases  of  these  cells,  or  it  must  act  through  an 
entirely  different  mechanism  than  the  oxidizing  enzymes. 

'*  Journal  of  Physiol,,  42;  Proc.  Physiol.  Soc,  p.  xxxvii,  June  3,  1911. 
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THE   ANTAGONISM   BETWEEN  HYDROCYANIC   ACID   AND   lODOSO- 

BENZOIC   ACID 

It  is  difficult  to  study  antagonism  to  a  substance  like  hydro- 
cyanic acid  which  acts  with  such  great  rapidity,  because  the 
antagonist  has  to  be  administered  either  previously  to  or  simul- 
taneously with  the  hydrocyanic  acid.  Our  method  of  studying 
the  antagonism  was  as  follows.  Cats  anaesthetized  with  ether 
were  used  in  the  study,  as  they  proved  to  be  better  adapted 
to  this  work  than  dogs  or  rabbits.  The  blood  pressure  was 
recorded  from  the  carotid  artery.  The  respiration  was  recorded 
by  a  tambour  connected  with  the  tracheal  tube  and  also  directly 
from  the  diaphragm  by  taking  a  stitch  in  the  diaphragm  with 
a  silk  thread  and  attaching  this  to  a  receiving  tambour.  The 
movements  of  this  tambour  were  registered  by  a  recording  tam- 
bour, air  transmission  being  used.  Canulas  were  inserted  into 
the  femoral  veins  on  both  sides.  One  canula  was  used  for  the 
injection  of  hydrocyanic  acid  and  the  other  for  the  injection 
of  sodium  iodosobenzoate.  Starting  with  very  small  doses 
and  increasing  gradually,  the  minimal  amount  of  each  substance 
required  to  produce  its  characteristic  respiratory  effects  was 
found.  For  hydrocyanic  acid  this  consisted  of  an  increase  in  the 
rate  and  depth  of  the  respiration,  while  for  iodosobenzoate  the 
production  of  an  apnoeic  period  of  10  to  15  seconds  duration 
was  taken  as  the  criterion.  After  allowing  a  sufficient  time  to 
elapse  both  substances  were  injected  simultaneously  and  their 
effects  noted.  The  experiments  showed  that  there  exists  a  very 
distinct  antagonism  between  the  two  substances  in  their  effects 
on  the  respiration. 

The  only  objection  to  this  method  of  determining  the  antago- 
nism between  the  substances  is  that  it  does  not  show  definitely 
whether  the  antagonism  is  pharmacological  or  chemical,  that  is 
to  say,  whether  they  act  oppositely  upon  the  respiratory  center  or 
mutually  destroy  one  another  in  the  blood  stream.  It  is  possible 
that  the  substances  react  in  the  blood  stream,  the  hydrocyanic 
acid  being  oxidized  and  the  iodosobenzoate  reduced.  We  believe, 
however,  that  this  reaction  could  hardly  be  expected  to  occur  so 
quickly  and  we  regard  it  as  more  probable  that  the  antagonism 
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is  pharmacological.  This  result  then  rather  corroborates  the 
view  that  sodium  iodosobenzoate  increases  physiological  oxida- 
tion. The  protocells  of  two  of  the  experiments  showing  the  antag- 
onism follow.  In  Experiment  II  we  were  fortunate  enough  to 
hit  upon  doses  which  almost  completely  neutralized  each  other. 


Experiment  I. 

Male  cat,  weight  J^.S  kilos.     Ether  anaesthesia 

BESPIBATIONS 

4 

S  ^ 

TIME 

DBUQS 

Si 

B^ 

BEMABES 

Rate 

Amplitude 

"£ 

£« 

Arc,      m. 

mm. 

4    12i 

48 

2.5 

147 

186  ' 

13 

1  CC.   j% 

HCN 

56 

6.5 

154 

186     Injection  into  right  fe- 
moral. 

15i 

44 

2.5 

112 

188 

16 

1   cc.   T?5 

HCN 

44 

6.0 

120 

184 

m 

44 

3.5 

107 

194 

18 

2  cc.  T^^ 
HCN 

64 

12.5 

115 

192 
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15  seconds  after  injec- 
tion complete  cessa- 
tion of  respiration  for 
5  seconds.  Following 
this  the  respiration  be- 
came very  fast  and  ir- 
regular in  amplitude. 
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Experiment  II. 

Ca«,  female,  weight  3.52  kilos. 

Ether  anaesthesia 
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See  fig.   1. 
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fig.  2. 

471 
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1  cc.  ,% 
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18 
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124 
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There  were  a  few  very 
shallow  respirations 
but  neither  apnoea  nor 
dysponea  developed. 
Within  a  half  minute 
the  respirations  were 
normal  in  rate  and 
depth.     See  fig.  3. 

SUMMARY 


1.  Hydrocyanic  acid  administered  intravenously  to  rabbits 
in  doses  of  0.5  to  1  mg.  per  kilo  or  sodium  cyanide  in  doses  of  1 
to  2  mg.  per  kilo  causes  temporary  stoppage  of  the  respiration 
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in  passive  expiration  for  periods  varying  from  a  few  seconds  to 
nearly  four  minutes.     The  injection  must  be  made  rapidly. 

2.  The  respiratory  center  is  more  sensitive  to  hydrocyanic 
acid  than  the  vaso-motor  center  and  the  latter  is  apparently  more 
sensitive  than  the  cardio-inhibitory  center. 

3.  The  action  of  hydrocyanic  acid  on  the  respiration  and  cir- 
culation resembles  so  closely  that  of  certain  other  drugs  which 
cause  temporary  stoppage  of  the  respiration  (phenylmethyl- 
isoxazol-chlormethylate;  Tappeiner),  tetramethyl-anunonium 
chloride  (Jodlbauer),  quaternary  paverin  bases  (Pohl)  and  pro- 
tocatechyl-tropeine  (Marshall)  that  it  suggests  the  possibility 
that  these  drugs  owe  their  activity  as  does  hydrocyanic  acid  to 
their  power  to  inhibit  physiological  oxidation  in  the  cells  upon 
which  they  act. 

4.  We  have  estabUshed  that  a  definite  antagonism  exists 
between  hydrocyanic  acid  and  sodium  iodosobenzoate  in  regard 
to  the  respiratory  center.  This  antagonism  would  further  indi- 
cate that  iodosobenzoate  is  capable  of  accelerating  normal  phys- 
iological oxidation. 
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ON  THE  ANTISEPTIC  AND  BACTERICIDAL  ACTION 
OF  THE  SODIUM  SALTS  OF  lODBENZOIC,  lODOSO- 
BENZOIC   AND   lODOXYBENZOIC  ACIDS^ 

AARON  ARKIN 

From  the  Pharmacological  Laboratory  of  the  University  of  Wisconsin 
Received  for  publication,  September  2,   1911 

It  was  stated  by  Loevenhart  and  Grove^,  that  the  substances 
mentioned  in  the  title  of  this  paper  were  studied  in  the  hope  that 
they  would  prove  useful  therapeutically  as  intravenous  antisep- 
tics. Before  studying  their  value  as  intravenous  antiseptics  it 
seemed  desirable  to  ascertain  their  value  as  aintseptics  in  vitro 
and  it  is  only  with  this  phase  of  the  subject  that  this  commu- 
nication deals. 

The  formulae  of  these  substances  are  as  follows.' 


< 

^o 

C6H4< 


^COONa  ^COONa  ^COONa 

Sodium  iodbenzoate  Sodium  iodosobenzoate  Sodium  iodoxybenzoate 

It  will  be  noted  that  the  iodbenzoate  contains  no  active  oxy- 
gen and  is  not  an  oxidizing  agent.  Iodosobenzoate  has  an  atom 
of  very  active  oxygen  connected  with  the  iodine  and  contains 
6.06  per  cent  of  active  oxygen.  Iodoxybenzoate,  with  two  atoms 
of  active  oxygen  bound  to  the  iodine,  contains  11.43  per  cent  of 
active  oxygen.     A  comparison  of  the  antiseptic  and  bactericidal 

1  The  expenses  of  this  research  have  been  partially  defrayed  by  a  grant  from 
the  Rockefeller  Institute  for  Medical  Research. 

2  This  Journal  (Vol.  Ill,  p.  101). 

'  An  account  of  these  substances  and  the  method  of  preparing  them  has  already 
been  presented  by  Loevenhart  and  Grove. 
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power  of  these  three  substances  it  seemed  would  throw  interesting 
hght  on  the  bactericidal  power  of  oxygen  in  active  form,  because 
the  bactericidal  power  of  iodosobenzoate  and  iodoxybenzoates 
could  differ  widely  from  that  of  iodbenzoic  acid  only  in  conse- 
quence of  the  oxidizing  action  of  the  former  substances.  The 
reasons  for  attributing  the  biological  effects  of  iodosobenzoic 
and  iodoxybenzoic  acids,  in  so  far  as  they  differ  from  the  effects 
of  iodbenzoic  acid,  to  the  active  oxygen,  have  been  discussed 
by  Loevenhart  and  Grove. 

It  is  especially  desired  to  emphasize  the  point  that  we  were 
interested  in  the  bactericidal  action  of  these  compounds  as  active 
oxidizing  agents  and  not  as  members  of  the  group  of  iodine- 
containing  bactericides.  Among  the  most  powerful  bactericidal 
substances  known  are  to  be  found  several  whose  activity  depends 
on  their  power  as  oxidizing  agents.  Among  these  may  be  men- 
tioned ozone,  benzoyl  acetyl  peroxide,  chlorine,  bromine,  iodine 
and  the  persulphates.  Among  the  less  powerful  antiseptics  of 
this  series  may  be  mentioned  hydrogen  peroxide  and  benzoyl 
peroxide. 

It  seemed,  therefore,  that  the  iodoso-  and  iodoxybenzoates 
would  prove  to  possess  considerable  strength  as  disinfectants 
whereas  iodbenzoate  would  be  found  to  be  comparatively  inert. 
The  experiments  proved  that  this  is  true. 

Methods:  In  comparing  the  antiseptic  and  bactericidal  action 
of  substances,  it  is  necessary  in  order  to  obtain  accurate  results 
to  maintain  the  following  conditions:  (1)  A  constant  temperature. 
Throughout  this  work  the  organisms  were  exposed  to  the  bacteri- 
cides at  the  body  temperature;  viz.,  37°,  because  we  were  inter- 
ested in  these  substances  as  intravenous  antiseptics.  (2)  To 
use  the  same  strain  of  organisms  throughout  the  series  and  to 
employ  as  nearly  as  possible  the  same  number  of  organisms  in 
each  experiment.  (3)  To  employ  exactly  the  same  nutrient 
medium  throughout  the  series.  All  of  the  conditions  were  care- 
fully controlled.  A  slight  modification  of  the  Rideal- Walker* 
method  was  employed.  The  organisms  studied  were  B.  typho- 
sus, B.  coli,  B.   pyocyaneus  and  Staphylococcus  aureus.     The 

<Rideal  and  Walker:    Jour.  Roy.  San.  Inst.,  24,  424.     (1903). 
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cultures  employed  were  in  all  cases  prepared  by  inoculating  broth 
tubeb  from  slant  agar  growths  and  incubating  twenty-four  hours 
at  37°.  The  tubes  were  then  kept  at  room  temperature  until 
used,  which  in  most  cases  was  not  over  twelve  to  sixteen  hours. 

The  bacteria  were  exposed  to  the  action  of  the  salts  in  ordinary 
broth  and  in  the  case  of  B.  typhosus  and  B.  coli  also  in  glucose 
litmus  broth  (ordinary  broth  containing  0.1  per  cent  azoUtmin 
and  1  per  cent  glucose) .  In  the  former  case  growth  was  indicated 
by  the  tubes  becoming  turbid  and  in  the  latter  case  by  the  devel- 
opment of  acid  which  changed  the  litmus  from  blue  to  red.  The 
methods  were  equally  sensitive  and  equally  satisfactory,  the 
results  being  practically  the  same  in  all  cases  in  which  they  were 
compared. 

In  test  tubes  were  placed  8  cc.  of  broth  and  2  cc.  of  the  solution 
of  the  salt  to  be  studied.  The  solution  of  the  salt  used  was  five 
times  as  concentrated  as  it  was  desired  to  study.  Thus  when  it 
was  desired  to  study  a  salt  in  t/ot  solution,  2  cc.  of  a  m  were, 
added  to  8  cc.  of  broth.  The  tubes  were  inoculated  with  care- 
fully measured  quantities  of  the  broth  cultures  previously  de- 
scribed. In  nearly  all  cases  0.04  cc.  of  the  twenty-four-hour  broth 
culture  was  placed  in  the  test  tube  with  the  disinfectant  mix- 
ture. The  inoculated  tubes  were  then  placed  in  the  incubator 
at  37°  for  seventy-two  hours.  This  procedure  merely  determined 
the  antiseptic  action  of  the  substances.  In  order  to  determine 
whether  the  substances  had  killed  the  bacteria  or  had  simply 
prevented  their  growth,  subcultures  were  made  after  twenty- 
four  hours  incubation  from  these  tubes  into  fresh  Utmus  or  plain 
broth,  using  from  two  to  five  loopfuls  of  material.  It  was  shown 
by  separate  experiments  that  the  amount  of  the  substances  carried 
over  into  the  second  tube  was  entirely  without  effect  on  the 
growth  of  bacteria.  The  tubes  from  which  the  subcultures  were 
made  were  always  shaken  before  inoculating  from  them.  The 
subcultures  were  always  observed  for  three  days  before  pronounc- 
ing them  sterile.  We  have  simply  determined,  therefore,  the 
concentration  of  the  salts  required  to  prevent  growth  for  three 
days  and  also  the  concentration  required  to  sterilize  the  tubes  in 
twenty-four  hours  at  37°. 
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Series  1.  Sodium  iodosobenzoate,  B.  typhosus,  Glucose  litmus  broth.  0.04  cc.  of 
a  twenty-four-hour  broth  culture  was  u,sed  in  inoculating  the  first  set  of  tubes. 
Temperature  37° 
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This  series  shows  that  sodium  iodosobenzoate  in  ym  solution 
kills  B.  typhosus  in  twenty-four  hours  at  37°. 

Series  2.    Sodium  iodosobenzoate,  B.  typhosus,  plain  broth.     0.04  cc.  of  a  twenty- 
four-hour  broth  culture  used 
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A  large  number  of  similar  experiments  were  performed,  nearly 
all  agreeing  with  Series  1  that  tttot  iodosobenzoate  kills  B. 
typhosus  under  these  conditions. 


Series  S.    All  conditions  the  same  as  in  Series  1  except  that  B. 

coli  was  used 
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In  this  series  B.  coli  was  killed  by  sodium  iodosobenzoate  in  a 
concentration  between  ^f^  and  rwir  in  twenty-four  hours  at 
37°.  Numerous  other  experiments  showed,  however,  that  B. 
coli  is  killed  by  im  iodosobenzoate  under  conditions  as  shown 
in  Series  4. 


Series  4-     Sodium  iodosobenzoate,  B.  coli,   plain  broth. 

Series  S 


Condition  same  as  in 
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Series  5.    Sodium  iodosobenzoate,  Staphylococcus  aureus,   plain  broth, 
of  a  twenty-four-hour  broth  culture  used;  37° 


0.042  cc. 
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This  series  shows  that  sodium  iodosobenzoate  in  totit.  solution 
kills  Staphylococcus  aureus  in  twenty-four  hours  at  37°. 

Series  6.     Sodium  iodosobenzoate,  B.  pyocyaneus,  plain  broth.    O.O4  cc.  of  twenty- 
four-hour  broth  culture  used;  37° 
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Hence  sodium  iodosobenzoate  kills  B.  pyocyaneus  in  a  concen- 
tration between  s^-u  and  ttrt  in  twenty-four  hours  at  37°. 

Series  7.  A  comparison  of  the  germicidal  action  of  the  sodium  salts  of  iod-,  iodoso-, 
and  iodoxybenzoates  on  B.  typhosus.  The  organisms  were  exposed  to  the  anti- 
septic in  plain  broth  for  twenty-four  hours  at  37°  in  the  usual  way  at  the  end  of  which 
time  subinoculations  were  made  into  glucose  litmus  broth.  0.04 cc.  of  thehroth cul- 
ture was  used  in  each  of  the  original  tubes.  The  results  of  the  inoculation  of  the 
subcultures  alone  are  given  below 
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This  series  shows  that  iwjj  sodium  iodbenzoate  does  not  kill 
B.  typhosus  in  twenty-four  hours  at  37°  whereas  the  iodosoben- 
zoate kills  in  ToiTT  and  iodoxybenzoate  in  ttVt  solution.  This 
series  of  experiments  was  repeated  several  times  with  the  same 
results.  Another  series  of  experiments  proved  that  tV  iodben- 
zoate is  required  to  kill  B.  typhosus  under  these  conditions. 

Series  8.  Comparison  of  iodoso-,  and  iodoxybenzoates  on  Staphylococcus  aureus. 
Original  tubes  and  subcultures  were  made  in  plain  broth.  The  original  tubes 
received  0.04  cc.  of  the  twenty-four-hour  broth  culture.  Temperature  37°.  Obser- 
vations on  the  subcultures  alone  given 
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Thus -nnrir  iodosobenzoate  kills  Staphylococcus  aureus  in  twenty- 
four  hours  at  37°  whereas  -^s  iodoxybenzoate  failed  to  kill  them 
under  the  same  conditions.  Further  experiments  proved  that 
under  these  conditions  tto^  iodoxybenzoate  was  required  to  kill 
Staphylococcus  aureus. 
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Series  9.     Comparison  of  iodoso-  and  iodoxybenzoates  on  B.  pyocyanev^.     Condi- 
tions the  same  as  in  Series  8.     Observations  on  subcultures  alone  given. 
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This  series  shows  that  iodosobenzoate  kills  B.  pyocyaneus  in 
twenty-four  hours  at  37°  in  a  concentration  between  &^o  and  itto 
whereas  between  ttW  and  y/inr  iodoxybenzoate  kills  under  these 
conditions. 

These  experiments  prove  that  sodium  iodbenzoate  has  very 
little  bactericidal  power  compared  with  that  of  iodoso-,  and  iod- 
oxybenzoates. Using  B.  typhosus  it  was  found  that  the  three 
substances  stand  in  the  following  relation  to  one  another: 


Sodium  iodbenzoate 

Sodium  iodosobenzoate 
Sodium  iodoxybenzoate 


CONCENTRATION 
REQUIRED  TO  KILL 


RELATIVE  BACTEBICIDAIi 
ACTION 


1 

100 
200 


Thus  toward  B.  typhosus  the  substance  containing  one  atom 
of  active  oxygen  is  one  hundred  times  as  bactericidal  as  the  mother 
substance  containing  no  active  oxygen.  The  substance  con- 
taining two  atoms  of  active  oxygen  is  twice  as  bactericidal  as  that 
containing  one  atom  of  active  oxygen.  The  results  obtained  when 
B.  coli  was  used  were  the  same;  i.e.,  the  iodosobenzoate  kills  in 
TTHTo  and  iodoxybenzoate  in  -^m  solutions,  but  the  concentra- 
tion of  iodbenzoic  acid  required  to  kill  B.  coh  was  not  determined. 
With  B.  pyocyaneus  iodosobenzoate  is  bactericidal  in  ^tt  and 
iodoxybenzoate  in  j-ro-u  solution.  With  Staphylococcus  aureus 
iodosobenzoate  kills  in   twit  solution  whereas  iodoxybenzoate 
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requires  t^if  solution  to  kill  under  the  same  conditions.  These 
differences  in  the  relative  bactericidal  value  of  iodoso-  and  iodoxy- 
benzoates  towards  different  organisms  are  very  interesting.  It 
does  not  in  any  sense  argue  against  the  proposition  that  the  anti- 
septic action  of  both  is  due  to  their  oxidizing  action.  A  great 
many  instances  of  specificity  in  oxidations  with  the  simplest 
chemicals  may  be  pointed  out.  If  A  and  B  each  destroy  C  and 
D  by  oxidative  processes  the  fact  that  C  is  more  sensitive  to  A 
than  to  B  does  not  indicate  that  D  will  also  be  more  sensitive  to 
A  than  to  B,  indeed  the  reverse  is  just  as  likely  to  be  found  true. 
This  statement  holds  whether  C  and  D  are  living  micro-organisms 
or  relatively  simple  chemicals.^ 

THE  EFFECT  OF  PROTEINS  AND  OTHER  ORGANIC  MATTER  ON  THE 
BACTERICIDAL  ACTION  OF  lODOSOBEN/OATE  AND  lODOXYBEN- 
ZOATE 

It  is  well  known  that  the  presence  of  proteins  greatly  reduces 
the  efficacy  of  most  bactericidal  substances.  The  reason  for 
this  is  that  most  bactericidal  substances  react  with  proteins 
and  it  is  in  consequence  of  this  property  that  they  are  bacteri- 
cidal. Hence  when  the  bacteria  are  suspended  in  a  medium  rich 
in  proteins,  the  bactericidal  substance  combines  more  readily 
with  the  proteins  outside  of  the  bacteria  and  their  action  on  the 
bacteria  is  thereby  greatly  reduced.  Among  the  bactericidal 
substances  of  this  group  may  be  mentioned  all  of  the  salts  of  the 
heavy  metals,  formaldehyde,  and  phenol  and  its  derivatives. 

'  An  interesting  instance  of  this  sort  of  specificity  in  oxidative  processes  was 
pointed  out  byrjoevenhart  and  Kastle  (Amer.  Chem.  Jour.,  29,  432,  1903).  They 
showed  that  w  areas  hydrogen  peroxide  readily  oxidizes  formic  aldehyde,  it  is 
incapable  of  oxidizing  formic  acid,  yet  hydrogen  peroxide  in  the  presence  of  plat- 
inum black  oxidizes  formic  acid  far  more  readily  than  it  does  formic  aldehyde. 
Similarly  formic  acid  is  oxidized  by  mercuric  chloride,  whereas  formic  aldehyde 
is  not  and  yet  formic  aldehyde  is  much  more  readily  oxidized  by  potassium  per- 
manganate in  the  presence  of  sulphuric  acid  than  is  formic  acid.  These  factors 
seem  not  to  have  been  sufficiently  considered  by  Cushny,  in  his  work  "On  the  action 
of  oxidizing  salts"  Arch.  f.  exper.  Path.  u.  Pharm.  Schmiedeberg-Festschrift, 
1908,  p.  126. 
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The  work  of  Ehrlich  and  Bechhold^  brought  out  beautifully 
the  effect  of  proteins  in  protecting  bacteria  from  the  action  of  a 
bactericide  whose  action  in  all  probabiUty  depends  on  its  power 
to  combine  with  proteins.  Ehrlich  and  Bechhold  found  that 
tetrachlor-o-biphenol  prevents  the  growth  of  B.  diphtheriae  in  a 
dilution  of  1 :320,000  in  the  absence  of  protein,  but  in  the  presence 
of  blood  its  antiseptic  action  was  so  reduced  that  a  concentration 
of  1:10,000  did  not  entirely  prevent  growth.  Bechhold^  suc- 
ceeded in  proving,  by  means  of  his  gelatin  filters,  that  his  sub- 
stance was  combined  with  the  proteids  of  the  blood. 

Since  proteins  do  not  readily  suffer  oxidation,  and  since  our 
substances  owe  their  bactericidal  action  to  their  oxidizing  power, 
we  were  led  to  believe  that  proteins  would  not  greatly  influence 
the  bactericidal  action  of  iodoso-  and  iodoxybenzoate.  This 
was  found  to  be  the  case. 

Series  10.  About  300  cc.  of  blood  were  drawn  aseptically  from  a  large  dog.  This 
was  kept  for  forty-eight  hours  at  room  temperature,  when  the  serum  was  pipetted 
off  and  placed  in  the  ice  chest  for  twenty-four  hours.  The  serum  was  heated  to 
55°  for  one  hour  in  order  to  destroy  its  bactercidal  action.  The  serum  was  straw 
colored  and  contained  no  haemoglobin.  Each  tube  contained  5  cc.  of  serum  and  1 
cc.  of  iodoxybenzoate  of  proper  strength  to  give  the  concentration  stated  in  the  table. 
Each\ube  was  inoculated  with  0.0194  cc.  of  a  broth  culture  of  B.  typhosus.  The  sub- 
inocjilations  recorded  in  the  table  were  made  into  glucose  litmus  broth  after  the 
original  tubes  had  been  incubated  twenty-four  hours  at  37° 


lODOXTBENZOATE 

SUBCULTURES  AFTBB  8EVENTT- 
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'Zeitsch.  f.  physiol.  Chem.,  47,  173  (1906). 
'  Zeitsch.  f.  physiol.  Chem.,  52,  177  (1907). 
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A  similar  experiment  with  unheated  serum  gave  the  same  result. 

Series  11.     This  series  of  experiments  was  carried  out  as  described  under  Series  10 
except  that  a  5  per  cent  gelatin  solution  was  substituted  for  the  serum 
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These  experiments  show  that  the  bactericidal  action  of  sodium 
iodoxybenzoate  is  not  diminished  either  by  the  presence  of  83^ 
per  cent  dog  serum  or  4^  per  cent  gelatin. 


SUMMARY 

1.  Sodium  iodoso-  and  iodoxybenzoates  have  far  greater 
bactericidal  power  than  sodium  iodbenzoate.  Toward  B.  typho- 
sus sodium  iodosobenzoate  is  one  hundred  times  and  sodium 
iodoxybenzoate  is  two  hundred  times  as  bactericidal  as  sodium 
iodbenzoate.  This  difference  must  be  attributed  to  the  oxidizing 
action  of  the  former  substances. 

2.  Toward  B.  typhosus  and  B.  coli  sodium  iodoxybenzoate 
is  twice  as  strong  as  sodium  iodosobenzoate. 

3.  Toward  B.  pyocyaneus  sodium  iodoxybenzoate  is  about 
1.5  times  as  bactericidal  as  sodium  iodosobenzoate. 

4.  Toward  Staphylococcus  aureus  sodium  iodosobenzoate  is 
about  five  times  as  bactericidal  as  sodium  iodoxybenzoate. 

5.  The  presence  of  either  83|  per  cent  blood  serum  or  4:^  per 
cent  gelatin  does  not  diminish  the  bactericidal  action  of  sodium 
iodoxybenzoate. 

6.  The  comparison  of  the  bactericidal  action  of  these  three 
subtances  furnishes  an  interesting  example  of  the  influences  of 
chemical  constitution  on  bactericidal  action. 

In  conclusion  I  desire  to  thank  Dr.  A.  S.  Loevenhart  for 
suggesting  this  work  to  me  and  for  his  assistance  in  carrying  it  out. 
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Notwithstanding  the  extensive  therapeutic  employment  of 
squill  and  the  pharmacological  interest  attaching  to  it  on  account 
of  its  relation  to  the  digitalis  series  of  heart  poisons  the  work 
published  on  this  subject  from  the  chemical  point  of  view  is  very 
scanty. 

In  1879  Jarmersted  (Archiv.  f.  exp.  Path.  u.  Pharm.,  xi,  22) 
described  an  amorphous  glucosidal  toxic  product  ''scillain" 
which  was  very  Uttle  soluble  in  water  but  readily  soluble  in  alcohol. 
In  the  same  year  E.  Merck  (Pharm.  Zeit.,  1879,  no.  38)  described 
three  active  constituents  of  squill,  namely,  scillitoxin,  scilhpicrin, 
and  scillin.  Of  these  scilhtoxin  may  be  considered  to  be  practi- 
cally identical  with  Jarmersted's  ''scillain,"  and  a  dose  of  from 
0.12  to  0.13  mg.  injected  into  a  frog  was  sufficient  to  cause  death. 
Neither  of  these  products  however  can  be  considered  to  represent 
the  active  principle  of  squill  in  a  pure  form.^,  Scilhpicrin  is  vevy 
feebly  active  (10  to  20  mg.  being  necessary  to  cause  death  in  the 
frog)  while  scilhn  is  even  less  active.  Since  these  pubhcations  no 
communication  of  any  importance  has  appeared,  although  Walis- 
zewski  in  1894  (L'Union  Pharm.,  xxxiv,  251)  claimed  to  have 
isolated  three  crystallisable  active  principles  which  he  termed 
scilhnine,  scilhpicrine,  and  scillimarine.  His  work  however  is 
unsupported  by  any  experimental  detail  and  no  further  communi- 
cation from  this  source  has  appeared. 

^A  commercial  specimen  of  scillitoxin  was  easily  shown  to  be  far  from  a  pure  prod- 
uct. In  the  first  place  the  product  is  not  wholly  readily  soluble  in  absolute  alco- 
hol and  merely  precipitating  the  alcoholic  solution  with  ether  yielded  a  product 
which  was  about  twice  as  toxic  as  the  original  preparation. 
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During  the  last  two  years  experiments  have  from  time  to  time 
been  carried  out  in  these  laboratories  with  the  object  of  isolating 
in  a  crystalline  form  the  active  principle  (or  principles)  of  this 
drug  and  although  the  primary  object  of  the  investigation  has 
so  far  not  been  achieved  the  results  obtained  appear  to  be  of  suffi- 
cient interest  and  importance  to  be  worthy  of  record. 

The  most  interesting  result  of  the  work  has  been  to  show  that 
the  activity  of  squill  is  due  in  part  at  least  to  a  water-soluble 
glucoside  which  somewhat  resembles  the  strophanthins  from 
strophanthus  hispidus  and  strophanthus  kombe  both  from  the 
chemical  point  of  view,  with  regard  to  its  solubilities,  glucosidic 
nature,  and  colour  reactions,  and  from  the  pharmacological  side 
on  account  of  its  high  degree  of  toxicity  and  similarity  of  action. 
The  minimum  lethal  dose  of  this  substance  is  0.03  mg.  for  an 
average  sized  frog  (25  grams)  death  occurring  within  three  hours 
after  injection,  the  heart  being  arrested  in  systole.  This  minimum 
lethal  dose  is  thus  about  equal  to  that  of  either  of  the  strophan- 
thins mentioned  above,  somewhat  less  than  that  of  digitoxin  in 
its  purest  form,  and  almost  half  that  of  apocynamarin  the  recently 
isolated  crystalline  active  principle  of  apocynum  (Moore,  Trans. 
Chem.  Soc,  1909,  95,  735;  Finnemore,  Proc.  Chem.  Soc,  1909, 
25,  77). 

The  most  suitable  method  of  preparation  of  this  highly  toxic 
substance  is  set  out  below.  By  the  method  employed  the  whole 
of  the  original  actij^ity  of  the  squills  tincture  was  obtained  in 
the  form  of  a  solid  the  toxicity  of  which  was  about  three  times  as 
great  as  that  of  Merck's  scillitoxin. 

Ten  litres  of  concentrated  Tinctura  Scillae  (5  X  B.P.)  were 
shaken  out  six  times  with,  each  time,  half  this  volume  of  a  mix- 
ture of  chloroform  (9  volumes)  and  alcohol  (1  volume).  The 
extracts  were  mixed,  washed  with  small  quantities  of  dilute  sodium 
carbonate  solution  until  the  washings  were  alkaline,  then  with 
water  until  neutral,  and  finally  evaporated  to  dryness  under  dimin- 
ished pressure.  There  was  thus  obtained  21  grams  of  a  dark 
brown  solid  which  was  found  to  represent  practically  the  whole  of 
the  original  activity  of  the  tincture. 
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In  order  to  determine  the  activity  of  the  various  fractions  pro- 
duced the  following  procedure  was  employed.  The  minimum 
lethal  dose  of  each  fraction  was  determined,  as  that  amount  of 
substance  per  100  gram  of  body  weight  which  would  cause  the 
death  of  a  frog  within  three  hoiu^  after  injection  into  the  dorsal 
lymph  sacs,  the  heart  being  arrested  in  systole.  These  very 
numerous  determinations  have  in  all  cases  been  carried  out  by 
Dr.  P.  P.  Laidlaw  of  these  laboratories,  to  whom  the  author 
wishes  to  express  his  indebtedness  for  this  very  necessary  help, 
and  for  many  valuable  suggestions  during  the  course  of  the  inves- 
tigation. It  was  thus  found  that  the  m.  1.  d.  of  the  crude  product 
obtained  as  described  above  was  approximately  0.20  mgs.  and,  as 
already  stated,  represented  the  original  activity  of  the  tincture 
almost  quantitatively. 

The  solid  was  dissolved  in  about  100  cc.  of  hot  absolute  alcohol 
in  which  it  was  almost  completely  soluble.  On  standing  a  very 
small  quantity  of  a  substance  which  proved  to  be  inactive,  and 
was  not  further  examined,  separated.  The  alcohoUc  solution  was 
poured  into  about  1500  cc.  of  dry  ether  and  the  bulky  precipitate 
which  separated  allowed  to  settle.  The  ethereal  hquid  was  then 
sjrphoned  off  and  the  precipitate  again  dissolved  in  alcohol  and 
the  precipitation  repeated.  The  ethereal  solution  was  taken  to 
dryness,  the  residue  taken  up  in  alcohol  and  again  precipitated 
by  dry  ether.  In  this  manner  there  were  finally  obtained  two 
fractions:  (a),  soluble  in  alcohol  and  precipitated  by  ether, 
an  amorphous  hght  coloured,  non-hygroscopic,  water  soluble 
powder;  (b),  a  resinous  product  soluble  in  ether  and  in  alcohol. 

Of  fraction  (a)  4.9  grams  were  obtained  of  which  the  m.  1.  d. 
was  found  to  be  0.15  mg.  per  100  gram  (frog)  and  which  therefore 
represented  about  one-third  of  the  original  activity.  It  was  ob- 
served that  the  aqueous  solution  of  this  substance  (a)  on  warming 
became  opaque  owing  to  the  separation  of  oily  drops.  The  sub- 
stance was  therefore  dissolved  in  about  four  to  five  parts  of  cold 
water  and  kept  in  a  boihng  water  bath  for  about  half  an  hour 
when  the  oily  product  settled  to  the  bottom  of  the  vessel  and  the 
clear  supernatant  liquid  was  syphoned  off.  On  evaporation  the 
solution  yielded   a  deep   yellow  coloured   solid  which  was  not 
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hygroscopic,  could  be  readily  powdered  and  was  found  to  be  of  a 
very  high  degree  of  toxicity.  0.03  mg.  injected  into  a  frog  of  25 
grams  weight  produced  death  within  less  than  three  hours,  the 
substance  thus  possessing  an  m.  1.  d.  of  0.12  mg.  per  100  gram 
(frog).  About  70  per  cent  of  the  original  water  soluble  product 
was  completely  soluble  in  hot  water. 

The  final  product  thus  obtained  was  free  from  nitrogen,  readily 
soluble  in  cold  water,  methyl,  ethyl,  or  amyl  alcohol,  acetic  acid 
and  pyridine,  but  almost  insoluble  in  ether,  chloroform,  ethyl 
acetate  and  the  other  usual  organic  solvents.  The  aqueous  solu- 
tion possesses  an  extremely  bitter  taste.  With  sulphuric  acid  the 
solid  gives  a  brown  colouration  which  on  careful  dilution  gives 
first  a  purple  violet  colour  and  on  further  dilution  passes  through 
a  rose  red  colour  to  a  green  solution  from  which  finally  a  greyish 
green  flocculent  precipitate  separates  (cf.  strophanthin  reaction). 
The  aqueous  solution  of  the  solid  gives  no  precipitate  with  solu- 
tions of  the  heavy  metals,  e.g.,  mercuric  chloride,  lead  acetate,  etc., 
nor  with  tannic  acid  but  the  substance  (again  like  the  strophan- 
thins  may  be  salted  out  by  saturation  with  ammonium  sulphate. 
Alcoholic  solutions  treated  with  alcoholic  lead  acetate  give  no 
precipitate  even  on  long  standing.  All  attempts  to  crystallise  this 
product  have  so  far  failed  but  experiments  in  this  direction  are 
being  continued. 

On  hydrolysis  with  dilute  acids  the  solution  of  this  water  soluble 
product  becomes  turbid  very  rapidly  even  at  the  ordinary  tem- 
perature and  a  resinous  product  separates,  while  the  solution 
acquires  reducing  properties  which  are  due  to  the  liberation  of  a 
sugar  which  under  the  usual  treatment  yields  d-phenyl  glucosa- 
zone. 

The  resinous  product  (b)  soluble  in  ether  containing  a  small  pro- 
portion of  alcohol,  which  represents  approximately  two-thirds  of 
the  original  activity  of  the  squill  extract,  appears  to  be  a  consider- 
ably purer  form  of  Merck's  scillitoxin.  That  this  is  so  appears 
probable  since  scilhtoxin  by  suitable  treatment  yields,  a  product 
very  similar  in  all  respects  to  the  resinous  product  (b).  Thus  if 
scillitoxin  is  dissolved  in  absolute  alcohol  (scillitoxin  is  by  no 
means  completely  soluble  in  absolute  alcohol)  and  the  alcoholic 
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solution  precipitated  by  pouring  into  10  to  12  volumes  of  dry 
ether,  the  product  remaining  in  solution  in  the  ether-alcohol 
mixture  possesses  an  m.  1.  d.  which  is  approximately  one-half  that 
of  the  original  sciUitoxin.  This  product  is  thus  of  the  same  order 
of  activity  as  the  resinous  product  (b),  has  similar  solubilities, 
viz.,  readily  soluble  in  absolute  alcohol,  soluble  in  alcohol-ether 
mixture  containing  7  to  10  per  cent  of  alcohol,  almost  insoluble 
in  water.  Moreover  both  preparations  on  treatment  with  con- 
centrated sulphuric  acid  and  careful  dilution  with  water  give 
a  very  distinct  green  coloration  (a  reaction  which  differs  from  that 
given  by  the  water  soluble  product  in  that  there  is  no  initial  red 
or  violet  colour)  similar  to  that  given  by  digitoxine.  It  appears 
unlikely  that  the  toxicity  of  scillitoxin  can  be  due  to  the  presence  of 
any  of  the  water  soluble  substance  since  the  preparation  is  only 
soluble  in  water  to  a  very  sUght  extent  and  the  characteristic 
colour  reaction  is  completely  absent. 

It  seems  indeed  most  probable  that  the  activity  of  squills  is  due 
to  the  presence  of  at  least  two  active  principles,  one  of  which  is 
very  readily  soluble  in  water,  the  other  only  very  slightly. 

ISOLATION    OF   CAFFEINE   FROM   SQUILLS 

No  attempt  has  been  made  to  carry  out  a  complete  chemical 
investigation  of  squills,  but  during  the  course  of  the  work  the 
interesting  discovery  was  made  of  the  existence  of  caffeine  in  the 
squill  bulb. 

The  isolation  of  the  base  was  accompHshed  as  follows.  The 
dry  powdered  squills  (10  kilos)  were  extracted  with  hot  97  per 
cent  alcohol  and  the  extract  concentrated  to  small  bulk  (1300  cc). 
After  filtering  from  precipitated  resin  the  hquid  was  completely 
precipitated  by  basic  lead  acetate  solution.  The  excess  of  lead 
was  removed  by  means  of  sulphuric  acid  and  the  excess  of  sul- 
phuric acid  by  baryta.  The  clear  yellow  filtrate  was  concentrated 
to  a  thin  syrup  (400  cc.)  and  thoroughly  shaken  out  with  amyl 
alcohol.  The  alcoholic  solution  was  evaporated  to  dryness  and 
the  gummy  residue  dissolved  in  absolute  alcohol  and  taken  to 
dryness.     After  repeating  this  treatment  a  few  times  a  crystalUne 
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solid  commenced  to  separate.  The  alcoholic  solution  was  then 
allowed  to  stand  for  some  time,  and  the  solid  then  filtered  off. 
After  recrystallisation  from  alcohol,  from  which  it  separated  in 
fine  needles  the  substance  was  found  to  melt  at  229°  to  230°. 
It  contained  nitrogen  was  appreciably  soluble  in  water,  was  not 
glucosidal  but  gave  rather  feeble  alkaloidal  reactions. 
On  analysis 

0.1288  gave  0.0235  CO.  and  0.0592  H2O.     C=49.8,  H  =  5.1. 
0.1152  gave  27.9  cc.  N-,  (moist)  at  12°  and  770  mm.     N=28.9 
C8H10O2N4  requires  C=49.5,  H  =  5.1,  N=28.8  per  cent. 

whence  it  was  at  once  seen  that  the  substance  was  in  all  probabil- 
ity caffeine.  This  was  confirmed.  The  substance  gave  the 
murexide  test,  could  be  sublimed,  and  when  mixed  with  a  speci- 
men of  caffeine  from  another  source  the  mixture  melted  at  231°. 
The  total  amount  of  this  base  present  in  squills  is  however  very 
small  (approximately  0.01  per  cent  of  the  dry  bulb)  and  from  the 
pharmacological  point  of  view  is  negligible  in  relation  to  the  well 
known  diuretic  effect  of  the  drug. 

SUMMARY 

The  toxicity  of  squills  is  in  all  probability  due  to  the  presence 
of  at  least  two  active  principles. 

1.  A  glucosidal  substance  very  easily  soluble  in  water,  and 
resembling  in  many  respects  the  water  soluble  strophanthin. 
This  substance  has  been  isolated  in  an  approximately  pure  form 
but  so  far  has  not  been  crystallised.  The  minimum  lethal  dose 
of  the  product  is  0.03  mg.  for  a  frog  of  about  25  grams  weight, 
death  being  produced  by  the  stopping  of  the  heart  in  systole. 

2.  A  resinous  product  very  shghtly  soluble  in  water,  readily 
soluble  in  alcohol  and  not  precipitated  by  ether  from  its  alcoholic 
solution.     The  m.  1.  d.  of  this  product  is  0.06  to  0.07  mg.  per  frog. 

From  the  alcohohc  extract  of  the  squill  bulb  a  small  quantity 
of  caffeine  was  isolated.  The  base  is  present  only  in  very  small 
quantity  (0.01  per  cent  of  the  dry  bulb). 
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The  phthaleins  form  an  extensive  and  important  series  of 
compounds  which  have  received  much  more  attention  from  the 
chemists  than  from  the  pharmacologists.  Interest  in  the  series 
from  the  pharmacological  side  has  been  given  an  additional  stimu- 
lus by  the  work  of  Abel  and  Rowntree/  who  have  recently  brought 
out  some  valuable  facts  regarding  the  physiological  action  of  some 
of  the  phenolphthalein  derivatives. 

As  is  well  known,  phenolphthalein  exerts  a  laxative  action, 
but  this  effect  is  of  short  duration.     This  is  due  to  the  fact  that 

Uoum.  Pharm.  and  Exp.  Therap.,  1,  p.  231,  1909. 
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the  drug  quickly  leaves  the  body  through  the  feces  and  urine. 
In  the  paper  referred  to,  Abel  and  Rowntree  have  shown  that  the 
introduction  of  four  chlorine  atoms  into  the  phenolphthalein 
molecule  markedly  influences  the  absorption,  excretion,  and  laxa- 
tive action  of  the  phthalein.  They  found  that  after  subcutaneous 
injection  of  the  tetrachlor  derivative  it  is  excreted  by  the  bile, 
is  reabsorbed  by  the  large  intestine  (not  by  the  small),  excreted 
again  by  the  bile,  and  reabsorbed  as  before.  This  interesting 
cycle  is  maintained  for  some  days,  and  a  mild,  though  certain, 
laxative  action  accompanies  it  all  the  while.  The  compound 
does  not  appear  in  the  urine  unless  given  in  large  quantities.  If, 
on  the  other  hand,  it  is  given  by  mouth,  none  of  it  appears  in  the 
bile  or  urine,  but  it  exerts  a  laxative  effect  similar  to  that  of  phenol- 
phthalein itself.  No  evidence  of  toxic  action  was  found  after 
either  method  of  administration.  The  tetrachlor  compound 
promises,  therefore,  to  be  a  very  efficient  hypodermic  laxative. 
Other  derivatives  were  found  to  be  less  active  in  this  respect. 

In  view  of  these  results  obtained  by  Abel  and  Rowntree,  Profes- 
sor Orndorff,  who  has  made  an  extensive  study  of  the  chemistry 
of  the  phthaleins,  suggested  that  it  would  be  interesting  to  investi- 
gate the  action  of  the  oxime  of  phenolphthalein,  as  it  appeared 
that  such  a  study  had  not  been  made.  For  the  investigation  he 
kindly  supplied  me  with  this  substance,  which  was  prepared  in 
pure  form  in  his  laboratory. 

PROPERTIES  OF  THIS  OXIME 

Physical.  This  substance  has  a  pale  greenish  yellow  color, 
somewhat  like  that  of  powdered  sulphur.  When  combined  with 
an  alkali,  such  as  NaOH,  the  yellow  color  becomes  intense,  and  is 
even  more  pronounced  when  the  hydrochloride  is  formed.  The 
oxime  melts  with  decomposition  at  212°^  C.  It  is  soluble  in  ninety 
parts  of  water,  and  very  sparingly  soluble  in  alcohol.  In  other 
fluids  it  is  practically  insoluble.  It  crystallizes  with  great  diffi- 
culty. 

^Friedlander,  P.:  Ber.  d.  deutsch.  chem.  Gesell.,  26,  p.  174,  1893. 
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Chemical.     The  structural  formula  of  this  substance  is  not  ex- 
actly known,  but  according  to  Meyer  and  Kissen^  it  is  probably 

yC6H40H 
Ce  H4  C\  :): 

I         I    X:6H40H 
HO.X  =  C O 


*In  a  personal  communication  to  the  writer,  Professor  Orndorff  states  that 
from  work  done  in  his  laboratory  he  thinks  this  is  probably  the  coirect  formula. 

It  forms  weak  compounds  with  acids  and  alkaUs,  and  when  boiled 
in  water  in  the  presence  of  H2SO4  or  HCl  it  readily  hydrolyzes, 
forming  p-amino-phenol  and  p-oxy-o-benzoyl  benzoic  acid.  This 
hydrolysis  will  even  occur  in  pure  aqueous  solution,  because 
at  the  end  of  twenty-four  hours  at  room  temperature  one  can 
demonstrate  the  presence  of  free  p-amino-phenol.  At  38  to  40° 
C.  this  decomposition  is  a  Uttle  more  rapid.  The  presence  of  a 
weak  acid,  such  as  0.2  per  HCl,  does  not  accelerate  the  reaction 
much,  but  if  one-sixth  the  volume  of  cone  H2SO4  is  added  it  is 
greatly  hastened,  p-amino-phenol  being  detectable  within  one  hour 
at  room  temperature.  The  reaction  taking  place  may  be  repre- 
sented thus: 

/C6H4OH  /NH2  /CO.C6H4OH  (p) 


C6H4C^  +  H2O  =  CfiH*^  +  C6H4<^ 

I  I  \C6H4OH  X)H  (p)  ^COOH  (o) 


HO.X 


This  decomposition  is  very  important  in  the  present  research, 
because  it  furnishes  a  method  of  determining  the  fate  of  the  oxime 
in  the  body.  The  method  depends  upon  the  fact  that  p-amino- 
phenol  gives  the  indophenol  test,  which  is  exceedingly  dehcate. 
The  reaction  depends  upon  the  oxidation  of  the  p-amino-phenol 
in  the  presence  of  phenol,  the  end  point  being  the  formation  of  an 
intensely  blue  alkahne  salt  when  ammonia  is  added.  Regarding 
the  delicacy  of  this  test  for  p-amino-phenol,  E.  Meyer*  says  that 
it  is  possible  to  obtain  the  reaction  when  the  dilution  of  the 
p-amino-phenol  is  as  great  as  1  in  1,600,000.  While  he  does  not 
state  that  this  is  true  in  pure  solution  in  water  only,  I  have  found 

»Ber.  d.  deutsch,  chem.  Gesell.,  42.  p.  2825,  1909. 
*Zeit.  f.  Physiol,  chemie.,  46,  500,  1905. 


164  M.    DRESBACH 

that  to  be  the  case.  In  urine,  or  in  extracts  of  tissues  or  feces, 
where  body  pigments  are  present,  the  sensitiveness  of  the  test  is 
greatly  reduced.  In  determining  just  how  dehcate  the  reaction 
is  under  various  conditions,  I  have  used  freshly  made  solutions  of 
Merck's  p-amino-phenol.  The  test  is  best  made  as  follows,  accord- 
ing to  my  experience :  of  the  fluid  to  be  examined,  one  takes  about 
6  to  8  cc.  in  a  test  tube,  adds  about  1  cc.  of  cone  H2SO4,  mixes  it 
thoroughly  with  the  fluid  and  places  the  mixture,  in  boiling  water 
for  two  to  five  minutes,  or  longer  (except  when  dealing  with  very 
small  quantities  of  p-amino-phenol,  boiling  for  as  long  as  one  hour, 
even  in  urine,  does  no  harm.*^  The  mixture  is  cooled  and  a  few 
drops  of  2  per  cent  phenol  are  added  and  the  tube  shaken.  Next, 
one  adds  a  drop  or  two  of  1  to  2  per  cent  potassium  bichromate, 
or  chromic  acid,  and  agitates  the  tube  so  as  to  disseminate  the 
oxidizing  agent  through  the  upper  third  of  the  liquid.  After  a 
minute  or  two,  one  runs  into  the  top  of  the  mixture  some  strong 
NH4OH  by  means  of  a  pipette,  care  being  taken  not  to  mix  the 
NH4OH  much  with  the  subjacent  fluid.  If  p-amino-phenol 
be  present,  a  distinct  blue  ring  will  appear  at  the  junction  of  the 
acid  and  alkaline  liquids.  The  blue  color  will  be  faint,  very  dis- 
tinct or  deep  indigo  according  to  the  amount  of  p-amino-phenol  in 
the  solution.  The  blue  color  is  the  end  point  to  be  sought  for. 
The  pink  or  red  color  which  one  often  sees  when  the  oxidizing 
agent  is  added  may  or  may  not  be  due  to  p-amino-phenol,  and 
when  due  to  this  latter  substance  it  may  soon  be  obscured  by  other 
oxidation  products.  In  dealing  with  small  quantities  of  this 
amino-phenol,  it  is  important  not  to  add  too  much  of  the  bichro- 
mate, as  the  color  of  this  reagent  interferes.  The  same  is  true  if 
ferric  chloride  is  used.  Furthermore,  the  ammonia  must  be  added 
within  a  minute  or  two  after  the  oxidizing  agent. 

By  the  above  procedure  I  have  been  able  to  detect  one  part 
of  amino-phenol  in  4,000,000  parts  of  water,  by  using  a  control 
tube  of  water  with  simply  the  reagents  added,  and  by  viewing  the 
tubes  with  day  light  reflected  from  a  white  surface.  In  the  urine 
and  other  body  fluids  containing  pigments  the  test  is  positive  in 

*  Unless  evaporation  and  concentration  of  the  urine  take  place. 
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dilutions  only  as  high  as  1  to  50,000,  as  a  rule,  though  in  some 
instances  I  have  obtained  the  reaction  in  urine  containing  only' 
one  part  of  p-amino-phenol  in  200,000. 

METHODS  EMPLOYED 

The  animals  used  were  dogs,  cats,  rabbits,  guinea  pigs,  white 
rats,  woodchucks,  a  sheep,  and  a  coyote.  One  experiment  was 
made  upon  man.  The  drug  was  given  by  mouth,  por  rectum, 
by  direct  injection  into  the  stomach,  and  intestines,  and  by  intra- 
venous and  hypodermic  in j  ections .  For  administration  by  the  last 
two  methods  the  oxime  was  dissolved  in  0.2  per  cent  Na2C03  solu- 
tion to  which  0.9  per  cent  NaCl  had  been  added.  It  could  only  be 
dissolved  in  sufficient  quantity  to  be  used  by  means  of  an  alkali, 
Na2C03  being  preferable.  After  administration,  various  organs 
and  fluids  of  the  body  were  examined  for  the  unchanged  oxime  and 
for  free  and  combined  p-amino-phenol  which  was  found  by  the 
method  described.  The  oxime  was  considered  present  as  such 
when  the  tissue  extract,  made  by  macerating  the  finely  minced 
organ  for  twenty-four  to  forty-eight  hours  in  weak  NaOH  solu- 
tion, gave  a  good  indo-phenol  test  after  boihng  with  cone  H2SO4, 
a  watery  extract  made  in  the  same  length  of  time  giving  no  such 
test.  If  the  watery  extract  did  give  the  test,  p-amino-phenol 
was  present,  either  free  or  combined.  The  compound  could  be 
split  by  boiling  with  acid. 

PHYSIOLOGICAL  ACTION  OF  THE  OXIME 

Local  Action.  The  finely  powdered  oxime  was  dusted  into 
the  eye  of  a  rabbit.  It  produced  no  more  irritation  than  a  dry 
inert  pow^der  would.  It  did  not  show  any  irritant  action  when 
applied  to  open  wounds.  No  local  action  on  the  mucosa  of  the 
ahmentary  canal  could  be  detected.  The  lack  of  an  irritant 
action  was  probably  due  to  its  insolubility. 

Action  on  Bacteria.  Extended  experiments  upon  this  line 
were  not  made,  but  it  was  noticed  that  body  fluids,  such  as  urine, 
blood,  bile,  etc.,  underwent  putrefaction  rapidly  in  the  presence 
of  the  oxime.  The  conclusion  seems  j  astified  that  it  has  no  anti- 
putrefactive or  antiseptic  action. 
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Action  on  the  Intestine.  Early  in  the  work  experiments  were 
started  to  determine  whether  or  not  the  drug  would  have  a  purga- 
tive action.  The  criterion  of  purgative  effect  adopted  by  Abel  and 
Rowntree  was  used.  Dogs  were  put  upon  such  a  regime  of  diet 
and  exercise  that  their  feces  became  hard  and  dry.  In  producing 
such  a  consistency  of  feces,  the  addition  of  bone  ash  was  found 
helpful.  The  animals  were  then  fed  0.5  to  1.0  gram  of  the  oxime 
mixed  with  the  food,  and  the  amount  and  character  of  the  stools 
noted,  together  with  time  of  passage.  No  constant  effect  upon 
the  amount,  color,  consistency,  or  time  of  passage  of  the  feces 
could  be  observed.  Occasionally  there  seemed  to  be  some  soften- 
ing of  the  feces,  but  not  enough  to  call  the  effect  a  distinct  laxa- 
tive action.  The  same  experiments  were  tried  upon  cats,  but 
the  results  with  these  were  still  less  reliable.  In  man,  too,  the 
effect  was  doubtful.  The  writer  took  0.4  gram  of  the  oxime 
upon  an  empty  stomach.  No  action  was  noticeable.  The 
experiment  was  not  repeated  because  of  the  toxicity  of  the  drug, 
a  point  which  will  be  discussed  later. 

Besides  administration  by  mouth  the  drug  was  given  hypo- 
dermically  to  dogs  and  cats  with  no  effect  upon  the  bowel. 

In  this  respect,  the  oxime  stands  in  marked  contrast  to  phenol- 
phthalein  itself,  and  to  the  tetrachlor  compound.  Asa  compound, 
it  is  physiologically  inert,  as  shown  by  the  above  experiments 
and  by  others  to  be  described  later. 

Channels  of  Absorption.  1.  Absorption  from  the  stomach 
and  intestines. 

Experiment  I.  (a)  Three  cats  were  fed  the  substance  mixed 
with  meat,  and  were  killed  at  the  end  of  1^,  3^  and  5  hours,  respec- 
tively. Blood,  urine,  kidneys,  and  liver  were  examined  for  the 
oxime  and  for  p-amino-phenol.     No  trace  of  either  was  found. 

(b).  Four  cats  were  etherized.  In  two  the  pylorus  was  liga- 
tured and  0.5  gram  of  oxime,  suspended  in  30  cc.  of  water,  was 
injected  into  the  stomach  of  each.  They  were  allowed  to  recover 
from  the  ether  and  then  killed  at  the  end  of  five  and  seven  hours 
respectively.  No  trace  of  oxime  or  p-amino-phenol  could  be 
found  outside  of  the  stomach.  In  the  other  two  cats,  after  etheri- 
zation, the  small  intestine  was  ligated  at  its  two  ends  and  a  watery 
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suspension  of  the  oxime  was  injected  into  the  duodenum.  They 
were  allowed  to  recover  from  the  anesthetic  and  were  killed  by 
ether  at  the  end  of  five  and  seven  hours.  No  trace  of  oxime  or 
p-amino-phenol  could  be  foimd  in  urine  or  tissues. 

(c).  Four  other  cats  were  fed  0.5  gram  of  oxime  at  10  a.m. 
and  5  p.m.  Urine  was  collected  in  animal  cages.  In  one  cat  the 
urine  of  the  first  twenty-four  hours  gave  a  faint  test  for  p-amino- 
phenol,  and  at  end  of  forty-eight  hours  the  test  was  certain.  It 
was  positive  until  the  end  of  the  fifth  day.  In  two  of  the  cats 
the  test  was  positive  between  the  second  and  third  days.  In  a 
fourth  one  p-amino-phenol  never  appeared  in  the  urine.  The 
experiment  was  repeated  on  a  fifth  cat  and  the  test  was  not  posi- 
tive until  the  third  day.  It  is  evident  that  in  the  cat  this  oxime 
is  absorbed  verj^  slowly  from  the  alimentary  canal. 

Experiment  11.  Absorption  in  rabbits.  Ten  animals  were 
used  in  this  series.  In  the  first  six,  0.5  gram  to  1|  grams  of  oxime 
suspended  in  water,  was  given  by  stomach  tube,  and  urine  col- 
lected in  animal  cages,  care  being  taken  to  avoid  contamination 
with  feces.  In  two  rabbits  the  urine  showed  the  indo-phenol 
test  within  2|  hours;  in  two  others  it  was  found  within  four  and 
six  hours,  in  first  portion  passed;  in  the  fifth  and  sixth  no  urine 
was  passed  until  twenty-four  hours  after  giving  the  drug,  when  a 
good  indo-phenol  test  was  obtained. 

In  each  animal  the  character  of  the  urine  was  changed.  In- 
stead of  secreting  a  thick,  dark  gelatinous  fluid,  as  may  often 
be  noticed  with  rabbits,  they  passed  a  hght  lemon  colored  urine, 
of  lower  specific  gravity,  and  in  larger  quantities  than  normal. 
There  was  undoubtedly  diuresis,  which  was  not  due  to  the  water 
given  as  the  extra  urine  considerably  exceeded  in  amount  the 
water  administered.  On  account  of  the  yellow  color  and  the  in- 
tensity of  the  indo-phenol  test,  it  was  concluded  that  some  of 
the  oxime  passed  into  the  mine  unchanged,  but  whether  it  was 
excreted  free,  or  combined  with  some  body,  such  as  glycuronic 
acid,  could  not  be  determined.  The  indo-phenol  test  continued 
to  show  in  the  urine  until  the  fourth,  sixth  or  even  seventh  day 
after  the  oxime  was  given.  In  the  fifth  rabbit  it  disappeared 
on  the  sixth  day  after  the  oxime  was  given,  but  could  still  be 
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detected  in  the  feces.  It  is  evident  from  these  experiments  that 
the  oxime  is  absorbed  with  comparative  rapidity  in  rabbits. 

In  order  to  determine  what  part  of  the  ahmentary  canal  of 
the  rabbit  is  most  active  in  absorbing  the  oxime,  experiments 
were  performed  in  the  same  manner  as  with  the  cats,  that  is, 
various  parts  of  the  canal  were  isolated  by  ligatures.  In  one 
the  stomach  was  isolated;  in  the  second,  the  duodenum;  in  the 
third,  the  lower  part  of  the  small  intestine;  and  in  the  fourth, 
the  large  intestine  was  used.  A  watery  suspension  was  injected 
in  each  case.  In  the  first  rabbit  no  indo-phenol  test  was  obtained 
in  the  urine  at  end  of  eight  hours,  when  the  animal  was  killed; 
in  the  second  and  third,  which  were  killed  at  end  of  2^  and  5 
hours,  respectively,  the  urine  showed  a  distinct  reaction;  the 
fourth  rabbit,  which  received  a  rectal  injection,  passed  urine  in 
twelve  hours,  and  the  test  was  also  positive.  It  appears  from 
these  experiments  that  the  oxime  is  rapidly  absorbed  from  the 
small  intestine  of  the  rabbit,  but  not  from  the  stomach. 

Experiment  III.  Absorption  in  man.  The  writer  took  0.4 
gram  of  the  oxime  by  mouth  in  capsule,  at  11 :30  a.m.  Stomach 
empty.  Urine  was  collected  at  end  of  every  hour.  At  the  end 
of  the  third  hour  the  sample  gave  a  good  indo-phenol  test,  after 
boiling  with  H2SO4.  At  end  of  the  fourth  hour,  the  color  of  the 
specimen  was  distinctly  altered,  being  of  a  lemon  yellow  shade. 
No  albumin  was  present.  No  evidence  of  diuresis  was  noted, 
nor  any  laxative  action.  The  experiment  was  not  repeated, 
but  it  was  evident  that  absorption  had  been  fairly  rapid,  and  had 
probably  occurred  from  the  small  intestine.  Whether  any  oxime 
was  excreted  unchanged  could  not  be  determined.  The  change 
of  color  in  the  urine  could  not  decide  the  question. 

Experiment  IV.  Absorption  in  the  dog.  In  the  experiments 
with  dogs  mentioned  earlier  in  the  paper  the  urine  was  not 
collected  with  any  regulg,rity.  It  was  therefore  necessary  to 
make  further  observations  upon  absorption  in  dogs.  Six 
in  all  were  used,  of  which  one  was  a  pup  a  month  or  two  old,  the 
rest  being  adults. 

1.  A  large  dog  was  fed  0.5  gram  oxime,  mixed  with  meat,  at 
5:45  p.m.  It  was  killed  twenty-five  hours  afterward  and  urine 
taken  from  the  bladder.     Test  for  p-amino-phenol  was  negative. 
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2.  Another  large  dog  was  fed  1.5  grams  oxime  in  milk.  It 
was  killed  twenty-four  hours  later.  Oxime  was  found  all  along 
the  small  and  large  intestine,  but  the  urine  showed  no  evidence 
of  absorption. 

3.  In  a  third  dog  it  was  shown  that  no  absorption  occurred 
from  the  stomach  within  six  hours. 

4.  A  pup,  two  months  old  was  given  0.4  gram  oxime  in  water 
by  mouth.  The  urine  gave  a  good  p-amino-phenol  test  within 
2^  hours. 

5.  Full  grown  dog  was  given  0.5  gram  of  oxime  in  meat  at 
11  p.m.  Passed  no  excreta  until  33^  hours  later.  The  large 
quantity  urine  voided  contained  trace  of  p-amino-phenol. 
Trace  in  feces  also. 

6.  Full  grown  dog.  Procedure  same  as  in  5.  No  trace  of 
p-amino-phenol  in  the  urine  within  forty-eight  hours.  Trace  of 
oxime  in  feces. 

With  the  exception  of  no.  4  absorption  has  been  slow. 

Experiment  V.  Absorption  in  the  coyote  (Canis  Latrans,  Say). 
From  the  experiments  with  cats,  dogs  and  rabbits,  it  was  thought 
that  possibly  carnivora  and  herbivora  might  show  a  distinct 
difference  in  absorption.  A  coyote  was  available  and  was 
given  some  oxime  mixed  with  meat,  at  8:30  a.m.  The  first 
sample  of  urine  was  passed  at  5:30  p.m.,  nine  hours  after  receiv- 
ing the  drug.  The  urine  gave  a  good  indo-phenol  test.  Doubt- 
less absorption  had  occurred  several  hours  before  the  sample  was 
voided,  and  resembled  that  in  the  rabbit  more  than  in  the  cat 
and  dog.     Urine  was  free  from  p-amino-phenol  within  48  hours. 

Experiment  VI.  Absorption  in  the  sheep.  One  young  lamb 
was  used.  The  result  was  entirely  negative  for  some  reason, 
no  reaction  for  p-amino-phenol  being  obtained.  The  experi- 
ment was  not  repeated. 

Experiment  VII.  Absorption  in  the  woodchuck  (Marmotta 
Monax).  Two  of  these  animals  were  given  small  doses  of  the 
oxime,  mixed  with  a  diet  of  cornmeal.  The  urine,  passed  in 
twenty-five  and  thirty-three  hours  respectively  by  the  two  chucks, 
gave  a  good  indo-phenol  test.  Absorption  doubtless  took  place 
in  less  than  twenty-four  hours. 
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Experiment  VIII.  Absorption  in  guinea  pigs  and  white  rats. 
Three  guinea  pigs  were  fed  the  oxime  and  killed  at  end  of  two, 
four  and  seven  hours  respectively.  The  urine  gave  the  indo- 
phenol  test  in  the  four  and  seven  hour  pigs. 

The  experiments  upon  white  rats  were  unsatisfactory. 

2.  Absorption  from  subcutaneous  tissue.  Thirty  cubic  centi-. 
meters  of  a  saturated  solution  of  the  oxime  in  0.9  per  cent  NaCl 
+  0.2  per  cent  Na2C03  were  injected  subcutaneously  into  an 
etherized  cat.  Urine  was  withdrawn  from  the  bladder  by 
catheter  at  five  minute  intervals.  The  indo-phenol  reaction 
was  faintly  shown  five  minutes  after  the  injection,  and  at 
end  of  fifteen  minutes  it  was  very  distinct.  At  end  of  forty-five 
minutes  the  urine  took  on  a  distinct  lemon  yellow  color,  showing 
unchanged  oxime.  At  end  of  one  hour  and  fifteen  minutes  the 
injection  was  repeated.  There  was  an  increased  flow  of  urine, 
which  became  cloudy,  and  showed  presence  of  a  considerable 
amount  of  albumin,  numerous  granular  casts,  and  some  leuco- 
cytes and  red  cells.  Cat  died  twenty-one  hours  after  second 
injection.  Much  albumin  found  in  urine.  Bile  was  almost 
colorless  and  gave  the  indo-phenol  test  after  boiling  with  H2SO4. 
(It  also  contained  red  and  white  corpuscles.)  Could  not  get 
the  indo-phenol  test  in  the  liver,  but  it  was  positive  in  the  mucosa 
of  small  intestine  and  in  the  contents  of  the  large  intestine. 

The  experiment  was  repeated  several  times  on  cats,  rabbits  and 
woodchucks,  with  the  same  results,  except  that  no  albuminuria 
resulted  when  quantities  of  10  cc.  or  less  were  injected.  In 
each  case  the  drug  was  quickly  absorbed  and  both  the  urine  and 
bile  gave  the  indo-phenol  test. 

A  few  experiments  were  made  showing  that  absorption  from 
the  peritoneal  cavity  occurs  rapidly  also. 

3.  Intravenous  injection  of  the  oxime,  with  blood  pressure  experi- 
ments. Experiment  I.  A  medium  sized  cat  received,  under 
ether,  35  cc.  of  a  saturated  solution  of  the  oxime  in  the  alkaline 
saline  medium,  in  the  course  of  forty-five  minutes,  by  femoral 
vein.  It  was  then  killed  by  bleeding,  and  the  blood,  liver,  intes- 
tinal mucosa,  kidney  and  urine  examined,  p-amino-phenol  was 
found  in  the  urine  in  conjugated  form,  and  also  in  the  kidney  and 
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mucosa  of  small  intestine.  Free  p-amino-phenol  was  found  in 
the  blood.  Unchanged  oxime  was  found  in  the  kidney  urine 
and  intestinal  mucosa,  but  not  in  the  liver.  The  urine  was 
albuminous. 

Experiment  II.  A  large  cat  received  55  cc.  of  the  above  solu- 
tion in  one  hour  and  one  half.  Conjugated  p-amino-phenol  was 
found  in  the  liver,  but  not  in  the  kidney  and  urine.  It  was  found 
free  in  the  blood.     The  oxime  was  found  in  the  kidney  only. 

Samples  of  liver  and  kidney  were  removed  for  histological 
examination. 

Experiment  III.  A  full  grown  cat  received  70  cc.  of  the  solu- 
tion in  the  course  of  one  hour  and  thirty-six  minutes.  Con- 
jugated p-amino-phenol  was  found  in  the  liver,  and  unchanged 
oxime  in  the  urine,  which  was  not  albuminous.  Portions  of  the 
liver  and  kidney  were  removed  for  microscopical  examination. 

Experiment  IV.  In  this  experiment  the  blood  pressure  and 
urine  flow  were  recorded.  A  large  dog  was  used.  20  cc.  of  the 
saturated  alkaline  solution  were  injected  by  femoral  vein,  a 
total  of  60  cc.  being  given.  There  was  no  effect  upon  blood  pres- 
sure, and  no  increased  flow  of  urine,  except  that  due  to  the  alka- 
line solvent  used. 

Experiment  V.  Another  dog  was  used  the  blood  pressure  only 
being  measured.  55  cc.  of  the  oxime  solution,  injected  into  the 
femoral  vein,  failed  to  cause  any  rise  in  arterial  pressure,  though 
the  heart  beat  became  more  rapid. 

Experiment  VI.  The  carotid  pressure  was  recorded  in  four 
cats.  Each  received  from  10  to  20  cc.  of  the  oxime  solution  by 
femoral  vein.  In  each  cat  there  was  a  marked  rise  in  blood 
pressure,  varying  from  a  minimum  of  14  mm.  in  one  cat  to  a 
maximum  of  34  mm.  in  another.  The  rise  came  on  quickly  and 
in  some  cases  lasted  as  long  as  a  half  hour.  That  this  effect 
was  due  to  the  oxime  was  shown  by  control  injections  of  the  sol- 
vent, which  alone  caused  no  such  increase  in  blood  pressure. 

ANTIPYRETIC    ACTION 

In  view  of  the  ready  decomposition  of  the  oxime,  with  p-amino- 
phenol  as  one  of  the  products,  it  was  easy  to  predict  that  the 
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substance  would  have  antipyretic  properties,  providing  it  could 
be  introduced  into  the  system  in  sufficient  amount.  Its  slow 
absorption  in  cats  and  dogs  rendered  them  useless  for  experi- 
ments along  this  line.  Accordingly,  rabbits  were  used,  and  for 
the  additional  reason  that  fever  can  be  readily  induced  in  them. 
Experiment  I.  A  rabbit,  weight  1.5  kg.,  was  given  5  cc.  of  a 
20  per  cent  solution  of  albumose  hypodermically.  At  the  end  of 
the  sixth  hour  thereafter  the  temperature  had  risen  from  102.2 
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Fig.  I.  Effect  of  phenolphthalein  oxime  upon  pyrexia  in  the  rabbit.  In  rab- 
bits A  and  B  fever  was  produced  by  the  subcutaneous  injection  of  5  cc.  of  20  per 
cent  albumose  solution,  at  5  p.m.  The  next  day  at  10  a.m.  rabbit  A  received 
0.5  gram  of  the  oxime  by  mouth,  and  at  2.30  p.m.  the  dose  was  repeated.  B 
received  none.  Rabbits  C  and  D  were  control  animals  With  normal  temperatures. 
The  chart  shows  a  marked  reduction  of  the  tempe'rature  of  rabbit  A,  which 
received  the  oxime. 


to  104.2°.  At  this  point  0.4  gram  of  the  oxime  was  given  in 
water  per  os.  The  temperature  continued  to  rise  and  reached  a 
maximum  of  105.4°  six  hours  after  the  oxime  was  given.  A  con- 
trol rabbit,  which  received  the  same  amount  of  albumose,  showed 
a  similar  rise  in  temperature  but  in  this  control  the  temperature 
fell  to  normal  less  rapidly  than  it  did  in  the  oxime  rabbit.  The 
evidence  of  antipyretic  action  in  the  experiment  was  slight. 
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Experiments  II  to  V.  Four  rabbits  weighing  from  1.3  to  1.5 
kilos,  were  given  by  mouth  oxime  in  amounts  from  0.5  gram  to 
1.5  grams.  They  received  the  drug  about  twelve  hours  after 
the  albumose  was  injected,  and  when  the  temperature  was  at  its 
maximum  point.  Controls  of  normal  rabbits  and  some  with 
fever,  produced  as  stated,  were  kept,  and  all  were  observed  under 
a  room  temperature  which  did  not  vary  over  2°  C.  After  admin- 
istration of  the  oxime  to  the  four  rabbits  the  -temperature  of 
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Fig.  A. 


Fig.  2.  This  chart  illustrates  another  typical  experiment  of  this  sort.  Rab- 
bits A  and  B  received  albumose  as  described  above,  at  6  p.m.  At  10  a.m.  the 
next  day  A  received  by  mouth  0.7  gram  of  the  oxime.  B  received  none.  C  is  a 
control  rabbit  with  normal  temperature. 

each  began  to  fall,  in  two  cases  within  an  hour,  and  in  two  others 
within  1|  hours.  The  amount  of  fall  ranged  from  1^  to  3°  F. 
(temperature  was  taken  in  rectum  in  all  cases).  The  lowest 
point  was  reached  within  two  to  five  hours  after  administra- 
tion of  the  oxime.  Two  charts  are  given  below  showing  the 
course  of  the  temperature  in  two  of  the  rabbits. 

It  is  seen  that  the  oxime  produces  a  marked  fall  in  temperature 
in  rabbits  having  fever  produced  as  described.  The  early  anti- 
pyretic effect  coincides  with  the  rapid  absorption  of  the  drug 
and  the  sudden,  pronounced  drop  in  some  of  the  rabbits  indi- 
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cates  rapid  decomposition  of  the  oxime.  The  p-amino-phenol 
which  is  set  free  thus  rapidly  has  a  chance  to  exercise  its  toxic 
effects  as  well  as  its  antipyretic  action.  For  this  reason  the 
oxime  has  no  value  as  an  antipjo-etic. 

TOXICITY    OF   THE    OXIME 

It  was  noticed  that  some  of  the  rabbits  used  in  the  experiments 
upon  absorption  and  reduction  of  temperature  lost  weight  and 
in  some  cases  died  within  a  month  or  six  weeks.  In  view  of  the 
well  known  cytolytic  action  of  p-amino-phenol,  the  blood,  liver, 
and  kidneys,  were  examined  histologically  in  three  rabbits  which 
had  received  0.5  to  0.7  gram  doses  of  the  oxime.  In  these  rabbits 
there  was  positive  evidence  of  hemolysis,  and  the  liver  of  one, 
which  died  five  weeks  after  receiving  the  oxime,  showed  unmis- 
takable signs  of  cell  destruction.  There  was  intense  congestion 
of  the  organ.  The  kidneys  in  all  three  rabbits  showed  marked 
destructive  effects,  the  cell  protoplasm  being  dissolved  completely 
in  some  localities.  These  changes  were  confined  mostly  to  the 
medullary  tubules  and  collecting  tubules  of  the  cortex,  the  con- 
voluted tubules  being  affected  to  a  much  less  extent. 

In  cats  similar  changes  were  noted  in  the  kidneys  and  liver 
only  after  intravenous  and  hypodermic  injection.  These  effects 
were  compared  with  those  produced  by  an  intravenous  injection 
of  pure  p-amino-phenol,  an  amount  of  the  latter  equivalent  to 
that  split  off  from  the  oxime  being  given,  dissolved  in  0.9  per 
cent  NaCl  solution.  The  cytolysis  was  not  so  extensive  when 
the  oxime  was  used,  but  was  of  the  same  character  and  was 
most  marked  in  the  kidney.  With  the  p-animo-phenol,  on  the 
other  hand,  the  cell  destruction  seemed  to  be  most  extensive  in 
the  liver.  This  interesting  point  needs  further  study  and  con- 
firmation. 

In  these  experiments  with  the  intravenous  injection  of  the 
oxime,  there  is  one  serious  objection  to  the  method.  The  weak 
Na2C03  solution  used  has  cytolytic  properties  itself,  and  it  is 
difficult  to  say  just  how  much  of  the  cell  destruction  observed 
was  due  to  the  oxime  alone.  For  that  reason  only  a  few  experi- 
ments were  made. 
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FATE    AND    ELIMINATION 

This  subject  has  already  been  considered  in  connection  with 
the  antipyretic  action  and  toxicity  of  the  drug,  and  but  Httle 
more  can  be  added  at  present.  In  the  cat  and  dog  most  of  the 
oxime  is  excreted  unchanged  with  the  feces.  After  absorption 
it  meets  the  same  fate  in  all  animals,  that  is,  it  undergoes  hydro- 
lytic  decomposition,  p-amino-phenol  being  a  constant  product. 
While  this  last  statement  is  not  based  upon  direct  chemical  analy- 
sis of  urine  to  determine  the  presence  of  free  or  combined  p-amino- 
phenol,  there  can  be  no  doubt  that  it  was  Hberated  from  the 
oxime.  This  view  is  supported  by  (1)  the  indo-phenol  test; 
(2)  by  the  antipyretic  action  described.  In  regard  to  the  indo- 
phenol  reaction  it  might  be  claimed  that,  as  is  well  known,  other 
substances,  as  chinonchlorimid,  could  be  responsible  for  the 
test,  instead  of  p-amino-phenol.  In  reply  to  such  a  claim  it 
may  be  said  that  there  is  no  known  reaction  of  this  oxime  which 
would  yield  any  other  substance  giving  the  indo-phenol  test 
except  p-amino-phenol.  The  experiments  of  this  research  indi- 
cate consistently  that  this  oxime  undergoes  the  same  hydro- 
lytic  cleavage  in  the  body  that  it  does  in  the  test  tube. 

Professor  Orndorff  has  suggested  that,  Uke  other  oximes,  this 
one  may  decompose,  on  standing  in  an  alkaline  solution,  yielding 
hj^droxamic  acid.  In  such  a  case  the  same  sort  of  decomposi- 
tion might  be  possible  in  the  body.  Examination  shows,  how- 
ever, that  this  oxime  does  not  undergo  such  spontaneous  change 
in  vitro,  and  the  surmise  is  that  it  does  not  occur  in  vivo. 

That  this  oxime  does  not  spUt  up  so  as  to  Hberate  phenol- 
phthalein  itself  was  shown  by  the  failure  of  the  urine  to  give  a 
test  for  phenolphthalein. 

Mention  has  been  made  of  a  diuretic  effect  following  the 
administration  of  this  oxime  to  rabbits.  This  occurred  only 
where  large  doses  were  given,  and  was  doubtless  due  to  the  irri- 
tant action  of  the  p-amino-phenol.  In  the  dog  an  experiment 
was  made  on  diuresis,  the  oxime  being  given  in  alkahne  solution 
by  vein  in  large  amounts.  No  increased  flow  of  urine  was 
obtained,  except  that  due  to  the  fluid  injected. 
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DISCUSSION  OF  RESULTS 

From  the  data  detailed  in  the  preceding  pages  four  facts  of 
importance  in  regard  to  the  physiological  action  of  phenolphtha- 
lein  oxime  may  be  reviewed.  They  are  (a)  the  absence  of 
purgative  action;  (b)  absorption  from  the  intestine;  (c)  anti- 
pyretic action;  (d)  fate  in  the  organism,  and  toxic  effects. 

(a).  Lack  of  purgative  action.  While  no  complete  explanation 
can  be  given  for  the  failure  of  this  derivative  of  phenolphthalein 
to  induce  at  least  a  mild  laxative  effect,  no  doubt  the  result  is  to 
be  traced,  as  Professor  Orndorff  believes,  to  the  chemical  struc- 
ture of  the  compound.  In  order  to  make  this  view  clearer  we 
may  compare  a  reaction  of  phenolphthalein  with  a  similar  one 
in  the  case  of  the  oxime.  When  the  former  substance  enters  the 
intestine  the  following  chemical  reaction  takes  place: 

^C6H40H  /C6H4OH 

/\  ^CHiOH  /       ^CeHi  =  O 

C6H4       O  +NaHCO,  =  C6H4<^  +  CO2  +  H2O 


CO  ^COONa 

This  is  the  ordinary  reaction  which  occurs  when  phenolphthalein 
comes  in  contact  with  an  alkaline  carbonate,  a  red  salt  resulting. 
On  the  other  hand,  a  substance  of  different  structure,  and  yellow 
in  color,  is  formed  when  the  oxime  of  phenolphthalein  reacts 
with  an  alkaline  carbonate  The  chemical  change  which  would 
occur  in  this  case  may  be  written  thus: 

/C6H4OH  /C6I14OH 

c  /  c  <( 

/\  \C6H40H  /\  \C6H40H 

C6H4       O  +NaHC03=C6H4      O  +  CO2  +  H2O 


C  =  NOH  C  =  NONa 

The  exact  mechanism  of  the  laxative  action  of  phenolphthalein 
itself  is  not  understood,  except  that  it  acts  upon  some  structure 
of  the  intestinal  wall,  probably  the  mucosa  and  reflex  mechanism 
of  peristalsis,  producing  a  loose,  watery  stool,  together  with 
increased  muscular  contraction.     At  this  point  may  be  stated 
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some  of  the  views  held  regarding  the  purgative  action  of  cer- 
tain important  drugs,  giving /especial  attention  to  phenolphtha- 
lein  and  the  oxime  under  consideration. 

It  will  be  noted  that  when  phenolphthalein  reacts  to  form 
the  red  salt  it  goes  into  the  quinoid  form,  and  in  this  form  it 
undoubtedly  exists  in  the  intestines  and  body  fluids.  The  oxime 
of  phenolphthalein,  on  the  other  hand,  does  not  take  on  the 
quinoid  structure  when  it  reacts  with  the  alkaline  carbonates. 
Other  phenolphthalein  derivatives  which  are  purgative,  such  as 
the  tetrachlor  compound,  have  the  quinoid  structure  in  their 
salts,  and  it  is  noteworthy  that  the  anthracene  derivatives,  which 
yield  the  active  principles  of  the  purgative  drugs — Senna,  Rhu- 
barb, Aloes,  and  Cascara,  have  the  quinoid,  or  quinone,  arrange- 
ment. As  an  example  may  be  mentioned  trioxymethyl-anthra- 
quinone,  or  emodin,  which  has  the  formula :" 

OH  CH3  OH  CH3 

JOH 


CH3 

OH 

-CO- 

/v 

A 

—CO. 

-CO- 

1         1          or 

I  J 

—CO 

OH  OH 

In  view  of  these  facts.  Professor  Orndorff  is  strongly  of  the  opin- 
ion that  the  purgative  action  of  these  various  substances  is  associ- 
ated in  some  way  with  the  quinoid  structure  of  the  molecule. 
But  the  question  is  a  complex  one,  and  is  much  in  need  of  further 
study.  The  most  important  published  investigations  along  this 
line  so  far  are  those  of  Tschirch''  on  the  anthraquinone  deriva- 
tives in  Frangula,  Senna,  Rhubarb,  and  Aloes;  the  work  of 
Brissemoret^  on  the  ketone  groups  and  hydroxyl  and  alliphatic 
side  chains;  and  on  the  synthetic  side  the  work  of  Vieth^  on  the 
importance  of  the  position  of  the  hydroxyl  in  the  anthraquinones. 

*  Meyer  und  Gottlieb,  Experimentelle  Pharmacologie  1910,  175. 

*Schweiz.  Wochensch.  f.  chemie  u.  Pharmazie,  nr.  23,  1898;  Bd.  42,  nr.  35, 
1904;  Ber.  d.  deutsch.  pharm.  Gesell.,  174,  1898;  Arch,  der  Pharmazie  Bd.  237, 
1899,  Bd.  238,  1900:  Pharm.  Post.  17-19,  1904  das  Lit. 

^Contrib.  a  I'^tude  des  purgatifs  organique.  Thesis,  Paris,  1903,  Joamin 
and  Co.;  Bull,  des  Sci.  pharmacol.,  1903,  T.  vii,  p.  17. 

"Miinch.  Med.  Wochensch.,  1901  nr.  35,  s.  1381. 
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From  these  different  investigations  the  purgative  principles  of 
these  drugs  have  been  variously  attributed  to  the  anthracene 
groups,  to  the  ketone  groups  in  anthraquinone,  and  to  the 
presence  of  hydroxyl  and  alipathic  side  chains.  It  is  difficult 
to  know  to  which  view  most  importance  should  be  attached.  It 
is  believed  that  the  suggestion  put  forth  in  this  paper  on  the  possi- 
bility of  the  quinoid  structure  having  some  connection  with  the 
purgative  action  of  the  compounds  discussed  will  be  found  of 
interest. 

Returning  to  the  non  purgative  action  of  phenolphthalein 
oxime,  there  are  two  other  suggestions  which  may  be  offered  on 
this  point.  The  tendency  of  the  oxime  to  undergo  hydrolytic 
splitting,  resulting  in  the  formation  of  products  which  might 
be  inert  in  the  bowel,  should  not  be  forgotten.  However,  there 
is  no  evidence  that  such  decomposition  takes  place,  either  before 
or  during  absorption,  to  any  marked  extent.  A  little  p-amino- 
phenol  may  be  found  in  the  intestinal  contents,  but  the  most 
of  that  formed  is  quickly  absorbed  and  excreted.  Finally,  the 
oxime  might  be  absorbed  either  too  rapidly  or  too  slowly  to 
have  any  effect.  Experiments  are  given  which  support  this 
possibility. 

(b).  Absorption  of  the  oxime.  What  happens  to  the  oxime 
during  absorption  cannot  be  said.  There  is  no  evidence  at  hand 
that  much  decomposition  takes  place  in  the  mucosa.  The  experi- 
ments rather  indicate  that  this  occurs  elsewhere  in  the  body. 
The  drug  is  taken  up  mainly  by  the  small  intestine.  Why  this 
occurs  so  slowly  in  the  dog  and  cat  is  a  question  which  must,  at 
present,  remain  unanswered.  Selective  absorption  is  a  phe- 
nomenon of  which  there  are  many  examples,  and  the  present 
case  adds  another.  While  this  instance  is  not  so  remarkable  as 
the  selective  absorption  of  the  tetrachlor  compound  of  phenol- 
phthalein by  the  large  intestine,^  it  is  none  the  less  difficult  to 
explain. 

Absorption  from  subcutaneous  tissue  and  from  the  peritoneal 
cavity  does  not  call  for  any  special  comment. 

'Abel  and  Rowntree,  Loc.  cit. 


ACTION    OF   PHENOLPHTHALEIN   OXIME  179 

(c)  Antipyretic  action,  i^s  already  stated,  the  character  of  the 
decomposition  which  this  oxime  undergoes  led  to  the  experi- 
ments in  this  direction.  While  the  number  of  experiments 
performed  was  small,  there  can  be  no  doubt  that  a  marked 
lowering  of  temperature  occurred.  But  it  will  be  noticed  that 
rather  large  doses  of  the  oxime  were  given.  A  trifle  less  than  one- 
third  of  the  molecular  weight  of  the  oxime  is  due  to  the  p-amino- 
phenol  in  the  molecule.  From  this  fact  it  may  be  seen  that  the 
rabbits  in  which  a  fall  in  temperature  took  place  received  from 
0.17  to  0.49  gram  of  p-amino-phenol,  which  is  more  than  would 
be  liberated  from  an  efficient  dose  of  acetaniUd,  for  instance. 

It  is  known  that  the  antipyretic  action  of  the  p-amino-phenol 
derivatives  is,  within  certain  hmits,  proportional  to  the  amount 
of  p-amino-phenol  (or  acetyl  amino-phenol)  liberated  in  the  body. 
Tl^  same  law  seems  to  hold  good  for  the  temperature  reducing 
power  of  this  oxime.  0.3  gram  has  no  effect  upon  the  febrile 
temperature  in  the  rabbit.  From  0.5  gram  on,  the  amount  of 
fall  and  the  length  of  time  the  temperature  remains  down  depend 
to  a  large  extent  upon  the  quantity  of  the  oxime  given,  or,  in 
other  words,  to  the  amount  of  p-amino-phenol  liberated.  The 
upper  limit,  at  which  no  increase  in  the  effect  can  be  obtained, 
has  not  been  determined,  but  it  is  probably  about  a  2  gram  dose 
of  the  oxime  for  the  rabbit. 

{d).  Fate  in  the  organism  and  toxic  effects.  The  evidence  at 
hand  bearing  upon  the  fate  of  our  drug  in  the  body  has  been 
given.  Further  study  of  this  matter  is  necessary  before  the  sub- 
ject is  entirely  cleared  up.  It  has  been  thought  best  to  make 
such  a  study  the  basis  of  a  possible  future  research. 

In  view  of  the  well  known  toxicity  of  p-amino-phenol  and  in 
view  of  the  ease  and  rapidity  with  which  it  is  spUt  off  from  phenol- 
phthalein  oxime  in  the  body,  the  toxic  effects  noted  in  the 
experiments  upon  rabbits  and  cats  have  been  attributed  to 
this  amino-phenol.  There  remains  the  possibility,  however,  of 
the  p-oxy-o-benzoyl  benzoic  acid  being  poisonous.  While  the 
experiments  bearing  upon  the  physiological  action  of  this  portion 
of  the  oxime  are  incomplete,  the  results  so  far  are  negative.  The 
only  effects  following  the  administration  of  the  oxime  are  typical 
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of  those  of  p-amino-phenol,  and  the  most  plausible  explanation 
of  the  occasional  toxic  action  is,  therefore,  that  in  those  animals 
in  which  the  oxime  is  absorbed  quickly  the  decomposition  goes 
on  so  rapidly  that  the  capacity  of  the  body  to  conjugate  the 
liberated  p-amino-phenol  is  overwhelmed,  cytolysis  resulting. 
In  this  connection  it  would  be  of  great  interest  to  know  where  this 
decomposition  and  conjugation  take  place.  While  the  writer 
has  no  experiments  bearing  upon  this  point  directly,  the  exten- 
sive cell  destruction  in  the  liver  and  kidneys  is  suggestive.  The 
same  problem  has  arisen,  of  course,  in  connection  with  other 
antipyretics  which  liberate  p-amino-phenol  or  other  toxic 
product.  It  is  one  of  great  physiological  and  pharmacological 
interest  and  is  yet  awaiting  solution. 

SUMMARY 

1.  Phenolphthalein  oxime  readily  undergoes  hydrolysis,  both 
in  vitro  and  in  vivo,  yielding  p-amino-phenol  and  p-oxy-o-ben- 
zoyl  benzoic  acid  in  each  case.  By  virtue  of  this  decomposition, 
it  differs  markedly  from  other  phenolphthalein  compounds  in 
its  physiological  effects. 

2.  It  has  no  local  action  on  animals  and  does  not  retard  the 
growth  of  bacteria. 

3.  It  is  devoid  of  laxative  action.  An  explanation  is  offered 
for  this  result,  namely,  that  it  is  due  to  the  absence  of  the  qui- 
noid  structure,  which  is  present  in  other  purgative  phthaleins  and 
in  the  anthraquinone  purgatives. 

4.  It  is  not  absorbed  from  the  stomach,  but  is  taken  up  quite 
rapidly  from  the  small  intestine  in  all  animals  experimented  upon 
except  the  dog  and  cat,  which  excrete  most  of  the  drug  by  the 
feces. 

5.  The  mechanism  of  absorption  is  not  understood,  but  experi- 
ments indicate  that  it  is  not  attended  by  decomposition  of  the 
oxime. 

6.  After  absorption,  hydrolysis  of  the  oxime  quickly  takes 
place,  in  all  animals,  with  the  liberation  of  the  products  men- 
tioned. The  animal  body  is  limited  in  its  power  to  carry  on  this 
hydrolysis,  unchanged  oxime  being  eliminated  by  the  kidneys  in 
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those  animals  which  absorb  it  quickly,  as  in  the  rabbit  and 
woodchuck,  and  in  other  animals  after  large  subcutaneous  doses. 
A  mild  diuresis  may  follow  in  these  instances,  due  to  the  irritant 
action  of  the  liberated  p-amino-phenol.^°  The  liver  and  kidney 
suffer  from  the  cytolytic  action  of  the  amino-phenol,  as  do  also 
the  blood  cells. 

7.  As  a  further  result  of  the  liberation  of  p-amino-phenol 
antipyretic  effects  may  be  obtained  in  those  animals  which 
absorb  the  oxime  rapidly.  The  reduction  in  temperature  is 
proportional  to  the  amount  of  p-amino-phenol  set  free. 

8.  The  p-oxy-o-benzoyl  benzoic  acid  set  free  in  this  hydrolysis 
has  been  without  physiological  effect  in  these  experiments. 
How  it  is  eliminated  has  not  been  determined. 

The  writer  wishes  to  express  his  indebtedness  to  Prof.  W.  R. 
Orndorff  for  valuable  suggestions  during  this  investigation,  and 
for  materials  supplied  from  his  laboratory.  His  thanks  are  also 
due  to  Prof.  Sutherland  Simpson  for  kindly  criticisms. 

i^And  possibly  also  to  unchanged  oxime,  in  part. 
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I.     INTRODUCTION 

In  communications  which  appeared  recently  from  this  labor- 
atory/ facts  were  reported  which  definitely  demonstrated  that 
soluble  substances  may  be  satisfactorily  distributed  throughout 
the  body  of  frogs,  after  complete  elimination  of  the  circulatory 
apparatus.  This  was  shown  by  sharp  reactions  of  some  organs 
to  substances  which  were  introduced  into  the  body  of  frogs  after 
complete  removal  of  the  entire  heart  which,  of  course,  meant 
also  the  elimination  of  the  activity  of  the  lymphatics  and  the 
lymph  hearts.  The  chief  requirement  is  that  the  organs  giving 
the  reactions  should  not  die  off  too  rapidly  in  consequence  of  the 
complete  anemia.  The  iris  and  the  spinal  cord  were  employed 
as  reacting  organs,  and  as  reagents  were  used  adrenalin,  which 
caused  a  definite  dilatation  of  the  pupils,  and  strychnin  and  mor- 
phin  which  caused  paralysis  and  spasms.  Since  in  these  animals 
the  central  organ  for  circulation  and  distribution  was  eliminated 
it  was  assumed  that  the  distribution  was  accomplished  by  way 
of  the  lymph  spaces  which  intercommunicate,  more  or  less  freely 
throughout  the  entire  body.  In  contrast  to  the  centralizing 
cardio-vascular  mechanism,  the  system  of  lymph  spaces  which 
are  the  agents  of  distribution,  was  designated,  as  peripheral 
mechanism.     The  action  of  morphin  brought  out  an  especially 

^Meltzer:  Jour,  of  Exper.  Medicine,  xiii,  542,  1911. 
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striking  result.  While  in  a  normal  frog  an  injection  of,  say  10 
or  15  mgms.  of  morphin,  causes  at  first  no  effect  at  all,  but  may 
cause  spasms  a  few  days  later,  in  a  cardiectomized  frog,  7  or  8 
mgms.  would  cause  spasms  and  tetanus  within  40  or  50  minutes 
after  the  injection.  The  interpretation  offered  for  this  para- 
doxical phenomenon  was,  that  the  blood  of  the  normal  circula- 
tion may  contain  substances,  taken  up  from  some  secretory  organs, 
which  are  capable  of  neutralizing  and  delaying  the  spasmodic 
action  of  morphin ;  which  substances  are  lacking  when  the  morphin 
is  carried  to  the  central  nervous  system  by  the  peripheral  mech- 
anism. 

With  the  special  interest  which  naturally  attaches  itself  to 
this  unusual  action  of  morphin  under  the  given  circumstances,  it 
was  desirable  to  discover  other  substances  which  might  act  in  a 
similar  manner.  After  the  appearance  of  the  interesting  com- 
munication of  Barbour  and  AbeP  on  the  action  of  acid  fuchsin 
upon  frogs,  we  believed  we  had  reason  for  the  assumption,  that 
fuchsin  might  prove  to  be  another  such  substance.  Barbour 
and  Abel  found,  in  the  first  place,  that  acid  fuchsin,  which  hith- 
erto was  considered  to  be  non-toxic,  may  bring  out  in  normal  ani- 
mals, by  injection  into  a  lymph  sac,  a  typical  series  of  convulsions. 
However,  an  analysis  of  numerous  experiments  on  frogs  has  shown 
to  the  authors  'Hhat  tetanus  will  not  appear,  as  a  rule,  after 
fairly  large  doses  (1  to  4  mgrs.  per  gram  body- weight  of  the  drug) 
until  from  1  to  20  hours  or  more  have  elapsed.  In  a  certain 
number  of  cases  no  effect  whatever  will  be  produced  by  doses  of 
this  size  or  by  a  much  larger  dose."  This  behavior  of  the  action 
of  fuchsin  recalls  to  mind  the  action  of  morphin  upon  normal 
frogs.  Furthermore,  Barbour  and  Abel  discovered,  that  after 
the  removal  of  the  anterior  third  of  the  cerebrum  of  the  frog,  injec- 
tions of  fuchsin  bring  out  convulsions  with  much  greater  readiness, 
sometimes  in  less  than  one  minute,  and  with  much  smaller  doses, 
in  one  instance  with  a  dose  of  only  0.35  mgm.  per  gram  of  body- 
weight.  Here  was  a  fact  which  demonstrated  that  under  cer- 
tain circumstances  fuchsin,  like  morphin,  might  act  much  more 

2  Barbour  and  Abel:  The  Jour,  of  Pharmacol,  and  Experiment.  Thera.,  ii, 
167  (1910). 
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readily  than  in  normal  frogs.  We  have,  therefore,  with  the  consent 
of  Professor  Abel,  carried  out  a  series  of  experiments  in  which 
the  effect  of  injections  of  fuchsin  was  studied  upon  cardiectomized 
frogs. 

II.      EXPERIMENTAL   RESULTS 

Methods 

Acid  fuchsin  was  used  at  first,  as  in  the  experiments  of  Barbour 
and  Abel,  in  a  5  per  cent  solution.  Later,  when  very  small  doses 
of  the  fuchsin  were  administered  much  higher  dilutions  had  to 
be  emploj^ed.  In  the  earher  experiments  aqueous  solutions  were 
used;  later,  however,  in  order  to  avoid  the  irritating  action  of  the 
distilled  water,  the  fuchsin  was  dissolved  in  a  solution  of  0.6 
per  cent  NaCl,  the  ''physiological  salt  solution"  for  frog  tissue. 
The  injections,  when  not  stated  otherwise,  were  given  into  the 
dorsal  lymph  sac.  Practically  all  experiments  were  made  on  the 
species  Rana  pipiens.  We  had  no  definite  information,  from 
what  region  in  the  country  the  frogs  came  and  when  they  were 
caught.  The  experiments  were  carried  out  in  the  months  of 
April  and  May.  All  the  animals  were  etherized  during  the  oper- 
ation and  the  ether  removed  immediately  on  closing  the  wound; 
they  were  under  ether  not  longer  than  5  to  6  minutes.  The  car- 
diectomy  was  performed  by  first  ligating  the  heart  as  high  above 
the  auricle  as  possible,  whereupon  ventricle  and  auricles  were  cut 
off  with  scissors.  In  most  of  the  experiments  very  Httle  blood 
was  lost  in  the  operation.  Immediately  after  closing  the  abdom- 
inal wound  the  animals  were  taken  off  the  board  and  put  in  a 
normal  position.  The  injections  were  made,  generally,  between 
2  to  6  minutes  after  removing  the  ether,  from  which,  by  this 
time,  the  animals  had  fairly  recovered. 

We  made  very  few  control  experiments,  that  is,  we  made  no  spe- 
cial study  of  the  action  of  fuchsin  on  perfectly  normal  animals, 
since  this  was  extensively  done  and  well  described  by  Barbour  and 
Abel. 
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Observations  and  Results 

The  course  of  the  series  of  phenomena  which  we  observed  follow- 
ing the  injection  of  fuchsin  was  practically  the  same  as  was 
described  by  Barbour  and  Abel.  It  began  first,  at  least  often,  with 
symptoms  which  are  to  be  characterized  as  depression,  then  fol- 
lowed a  series  of  manifestations  of  hyperexcitation,  beginning 
with  spontaneous  spasms  in  which  the  flexors  had  a  predominant 
share,  and  finishing  up  by  a  more  or  less  complete  extensor 
tetanus  of  the  strychnin  type.  At  a  later  stage  convulsions  or 
twitches  came  only  in  response  to  tapping;  depression  and  death 
closed  the  scene.  We  shall  disregard  here  the  details  of  the  phe- 
nomena of  depression  as  in  the  absence  of  cardiac  circulation  it 
is  difficult  to  decide,  how  much  of  the  depression  may  be  due  sim- 
ply to  the  final  paralysing  effect  of  the  anemia.  The  excitation 
phenomena,  however,  were  entirely  due  to  the  drug  action,  as  cardi- 
ectomized  frogs  never  show  any  signs  of  excitation.  We  shall 
not  lay  too  much  stress  either  upon  the  character  and  the  dura- 
tion of  the  periods  of  the  spasms;  the  effect  of  the  increasing 
room  temperature  in  the  months  during  which  the  experiments 
were  performed  is  here  a  confusing  factor.  The  onset  of  unmis- 
takable convulsions  is  the  phenomenon  which  is  of  chief  interest 
in  our  present  investigation. 

We  began  our  experiments  at  first  with  injections  of  doses  of 
fuchsin  which  were  larger  than  1  mgm.  per  gram  of  body- weight 
but  reduced  the  dose  soon  to  1  mgm.  fuchsin  per  gram  frog.  Seven 
experiments  were  made  with  this  dose.  Then  the  dose  was 
further  reduced  to  1/2,  1/4  and  1/10  of  a  milligram  per  gram 
body- weight ;  with  which  doses  all  together  only  nine  experiments 
were  made.  All  these  experiments  have  shown  unmistakably 
the  effective  action  of  fuchsin  upon  the  cardiectomized  animals. 
It  is,  however,  unnecessary  to  give  here  any  details  of  these  experi- 
ments, nor  to  present  them  in  a  table.  The  results  were  just  as 
striking  and  convincing  in  the  experiments  in  which  the  acid 
fuchsin  was  administered  in  doses  of  only  1/20  of  a  milligram  per 
gram  frog.  This  series  consisted  of  twenty-two  experiments  (see 
table  I)  which  we  shall  now  report  somewhat  in  detail.     In  all 
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these  experiments  a  1  per  cent  solution  of  fuchsin  in  "physiologi- 
cal" salt  solution  (0.6  per  cent  XaCl)  was  used.  We  shall 
illustrate  the  results  by  a  few  abbreviated  protocols  of  the  experi- 
ments. 

Experiment  1.     April  14,  1911.     Frog  no.  25,  male,  29  grams. 

1:53     Heart  removed,  moderate  loss  of  blood. 

1:59     Injected  into  dorsal  lymph  sac  1/20  mgm.  (per  gram  frog)  of 

1  per  cent  acid  fuchsia  in  frog  saline. 
2 :03     Strong,  spontaneous  flexor  convulsion. 
2:04    Another  powerful  convulsion. 
2:09     Still  has  powerful  flexor  convulsions,  one  right  after  another, 

(probably  15  or  20  convulsions  already),  throws  himself  about 

violently,  sometimes  turning  over  and  over. 
2:12     Has  begun  to  show  strong  extensor  convulsions  now. 
2:17     Still  has  occasional  extensor  convulsions;  gradually  becoming  less 

frequent;  Ues  extended  all  the  time. 
2:27     Has  had  no  spontaneous  convulsions  for  about  seven  minutes;  a 

light  tap  gives  a  transient  but  good  extensor  tetanus. 
2:37     A  light  tap  gives  good  twitch. 
3:23     A  strong  tap  gives  faint  twitch. 
4:55     Repeated  strong  tapping  gives  a  faint  response  only. 

Experiment  2.     April  14,  1911,  frog  26,  male,  35  grams. 

2:21     Heart  removed. 

2:25     Injected  into  dorsal  l>Tnph  sac  1/20  mgm.  (per  gram  frog)  of 

1  per  cent  acid  fuchsin  in  frog  saline. 
2 :33     Strong,  spontaneous  flexor  convulsions. 
2:36     Aheady  has  had  several  powerful  flexor  convulsions;  flops  about 

table  violently. 
2:38     Beginning  extensor  convulsions. 
2:42     Has  two  or  three  spontaneous,  strong  extensor  convulsions  per 

minute. 
2:48     Still  has  powerful,  rapidly  repeated,  spontaneous  convulsions. 
2:52     Spontaneous   convulsions  have  ceased  since   2:50;   a   slight  touch 

elicits  strong  extensor  convulsions. 
3 :23     Strong  repeated  tapping  gives  sUght  twitch. 
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Experimem  3.     April  18,  frog  35,  rnale,  22  grams 

1:29  Heart  removed,  no  loss  of  blood. 

1:32  Injected  into  dorsal  lymph  sac  1/20  mgm.  per  gram  bodyweight 

of  1  per  cent  acid  fuchsin  in  frog  saline. 

1 :44  First  spontaneous  strong  flexor  convulsion. 

1:46  A  powerful,  spontaneous,  flexor  convulsion  quickly  followed  by 

several  other  exceedingly  strong  ones. 

1 :49  Powerful  flexor  convulsions  follow  each  other  rapidly. 

1 :54  Still  shows  very  strong  jflexor  convulsions,  but  less  frequently. 

1:59  Shows  spontaneous  extensor  convulsions. 

2:09  No  more  spontaneous  convulsions. 

2:19  A  light  tap  gives  good  extensor  tetanus. 

2:35  Repeated  tapping  gives  good  twitch. 

2:45  No  response  at  all. 

Experiment  4-     April  11,  frog  22,  male,  22  grams 

1 :14     Heart  removed,  no  blood  lost. 

1:19  Injected  into  dorsal  lymph  sac  1/20  mgm.  per  gram  bodyweight 
of  1  per  cent  fuchsin  in  frog  saline. 

1:45  Powerful  spontaneous  flexor  convulsions,  one  convulsion  after 
another;  writhing  about. 

1 :57  Still  has  powerful  convulsions,  mixed  type  now,  flexor  and  exten- 
sor (roof  of  mouth  very  red). 

1:58     Strong  extensor  convulsions. 

2:04  .Still  has  spontaneous,  powerful,  sustained  extensor  convulsions, 
occasionally  there  is  strong  abduction  of  thighs  and  dorsal 
flexion. 

2:20  No  spontaneous  convulsion  for  ten  minutes;  a  light  tap  gives 
strong,  sustained  extensor  convulsion. 

2:34     Repeated  tapping  gives  good  but  transient  tetanus. 

3:30     Repeated  tapping  still  gives  fair  twitch. 

3 :39     Strong  repeated  tapping  gives  only  slight  response. 

3:45     No  response  at  all. 

Experiment  5.     April  18,  frog  37,  male,  23  grams 

1 :54     Heart  removed,  moderate  loss  of  blood. 

1:57  Injected  into  dorsal  lymph  sac  1/20  mgm.  (per  gram  frog)  of 
1  per  cent  fuchsin  in  frog  saline. 
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2:14     First  spontaneous  yZexor  convulsion. 

2:22     Since  2:16  has  shown  no  convulsion,  definite  depression. 

2:27     Is  having  now  repeated,  spontaneous,  strong  flexor  convulsions. 

2:52    No  spontaneous  convulsions  for  about  five  minutes.     Tapping 

gives  strong,  sustained  convulsions,  mixed  flexor  and  extensor 

type. 
3 :01     Mild  tapping  gives  strong  sustained  extensor  convulsions. 
3:32     Repeated  tapping  gives  sUght  twitch. 
3:42     Very  faint  response. 

These  five  protocols  represent  fairly  well  the  varieties  of  behav- 
ior of  the  twenty-two  cardiectomized  frogs  (table  I)  which  re- 
ceived 1/20  mgm.  per  gram  fuchsin  into  the  dorsal  lymph 
sac.  Without  exception  they  all  responded,  sooner  or  later,  with 
spontaneous  violent  convidsions.  The  flexor  type  appeared  first. 
In  most  cases  also  spontaneous,  sustained,  extensor  convulsions 
followed  which,  as  a  rule,  did  not  last  long.  However,  touching 
or  tapping  practically  never  failed  to  bring  out  for  some  time  a 
sustained  extensor  tetanus,  even  after  the  spontaneous  convul- 
sions had  ceased.  Between  the  convulsions,  the  frogs  were,  as 
a  rule,  deeply  depressed.  The  shortest  interval  between  the 
injection  of  fuchsin  and  the  appearance  of  a  flexor  convulsion, 
was  in  this  series  4  minutes  and  the  longest  27  minutes. 

This  entire  series  of  experiments  was  carried  out  in  the  month 
of  April. 

Two  experiments  were  made  with  1/30  mgm.  (per  gram  frog), 
and  two  with  1/40  mgm.  (per  gram  frog)  of  1  per  cent  acid  fuch- 
sin in  frog  saline,  injected  into  the  dorsal  lymph  sac.  The  entire 
quantity  injected  was  not  much  more  than  0.1  cc.  All  four  frogs 
developed  convulsions  but  their  entire  course  was  much  weaker 
than  with  the  dose  of  1/20  mgm,  per  gramfrog.  In  one  frog  (1/80 
mgm.  per  gram  frog)  the  first  sign  of  a  convulsion  appeared  51 
minutes  after  injection,  and  the  spasms  were  very  weak.  The 
following  is  the  protocol  of  the  one  of  these  four  experiments  in 
which  the  effects  were  strongest. 
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TABLE  I 


Injections  of  1  per  cent  acid  fuchsin,  in  frog  saline,  into  the  dorsal  lymph  sac  of 
cardiectomized  frogs  to  determine  the  minimal  convulsant  dose  of  fuchsin.  Table 
shows  time  in  which  convulsions  developed  and  their  duration. 


NtTMBEK 

OF 

BXPEMMENT 

WEIGHT 

DOSE  PER 
.         GRAM 
!         FROG 

TIME  FROM 

OPERATION 

TO 

;  INJECTION 

TIME  FROM 
INJECTION 
TO  FIRST 
CONVUL- 
SION 

DURATION 
OF PLEXOR 
CONVUL- 
SION 

DURATION 

OP 
EXTENSOR 
CONVUL- 
SION 

TIME  FROM 
INJECTION  TO 

LOSS  OP 
IRRITABILITY 

gms. 

mgm. 

mifi. 

min. 

min. 

min. 

min. 

16 

39 

1/20 

4 

11 

14 

22 

139 

22 

32 

1/20 

5 

26 

13 

36 

146 

24 

31 

1/20 

3 

27 

23 

108 

25 

29 

1/20 

6 

4 

9 

15 

176 

26 

35 

1/20 

4 

8 

5 

14 

80 

27 

28 

1/20 

3 

13 

9 

14 

121 

28 

35 

1/20 

5 

9 

120+ 

30 

25 

1/20 

3 

15 

39 

81 

32 

29 

1/20 

3 

22 

31 

112 

33 

30 

1/20 

3 

15 

21 

40 

113 

34 

28 

1/20 

3 

22 

37 

89+ 

35 

22 

1/20 

3 

12 

15 

20+ 

73 

36 

27 

1/20 

4 

6 

61 

22 

120 

37 

23 

1/20 

3 

17 

45 

12 

105 

38 

29 

1/20 

5 

18 

44 

21 

91 

39 

20 

1/20 

5 

12 

28 

22 

40 

27 

1/20 

3 

27 

11 

41 

25 

1/20 

3 

24 

11+ 

47 

31 

1/20 

5 

12 

24 

31 

134 

48 

24 

1/20 

3 

16 

13+ 

76 

49 

28 

1/20 

3 

18 

132 

50 

24 

1/20 

3' 

10 

26 

16 

99 

29 

38 

1/30 

3 

51 

17 

148 

31 

30 

1/30 

3 

19 

30 

102 

17 

40 

1/40 

4 

26 

2 

25 

68 

23 

29 

1/40 

3 

49 

18 

97+ 

Experiment  6.     April  6,  frog  17,  female,  Ifi  grams 

2:33    Heart  removed,  no  bleeding. 

2:37     Injected  into  dorsal  lymph  sac  1/40  mgm.  (per  gram  frog)  of 

1  per  cent  acid  fuchsin  in  frog  saline. 
3 :03     Shows  first  flexor  convulsion. 
3:05     Shows  spontaneous,  strong,  extensor  convulsions. 
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3:14  Has  shown  three  spontaneous  convulsions.  Lies  extended  all 
the  time;  a  light  tap  gives  a  good  sustained  tetanus,  but  it  is 
not  violent;  does  not  throw  itself  about  table. 

3:30  No  spontaneous  convulsions  since  last  note;  responds  to  moder- 
ate tap  with  good  transient  tetanus. 

3:45     No  response  at  all. 

No  attempt  was  made  to  establish  the  effect  of  still  smaller 
doses  of  fuchsin  by  the  lymph  sac  injection  method.  The  min- 
imal effective  dose  of  acid  fuchsin  for  cardiectomized  frogs  is 
probably  not  much  lower  than  1/40  mgm.  per  gram  frog. 

Etherization.  From  the  experiments  of  Barbour  and  Abel  it  was  not 
evident  that  their  frogs  were  etherized  shortly  before  the  injection; 
neither  was  there  any  reason  for  such  a  procedure  in  their  experiments. 
Our  animals,  however,  were  in  every  case  under  ether,  for  a  few  minutes, 
during  the  operation  for  the  removal  of  the  heart.  In  order  to  establish 
whether  the  etherization  was  a  factor  in  the  subsequent  appearance  of 
the  convulsions,  we  have  etherized  frogs  for  about  8  minutes  without 
removing  their  hearts,  or  afflicting  any  other  injury,  and  a  few  minutes 
later  injected  into  the  dorsal  lymph  sac  1/10  mgm.  (per  gram  frog)  acid 
fuchsin  in  frog  saline.  Five  frogs  were  treated  in  this  manner  and  none 
showed  any  reaction  whatsoever  during  the  several  days  that  they  were 
under  observation. 

The  experiments  reported  have  confirmed,  by  another  method, 
the  statement  of  Barbour  and  Abel  concerning  the  con- 
siderable latent  toxicity  of  acid  fuchsin.  They  have  further 
demonstrated  again  that  a  soluble  substance  can  be  efficiently 
transported  from  one  part  of  the  body  to  another  by  the  exclusive 
aid  of  the  peripheral  mechanism.  After  injection  of  a  very  small 
quantity  of  acid  fuchsin  into  the  dorsal  lymph  sac,  the  roof  of 
the  mouth  became  red  in  a  very  short  time,  and  symptoms  set 
in  which  indicated  the  presence  of  fuchsin  at  some  part  of  the 
central  nervous  system.  They  have,  finally,  brought  forward 
another  striking  and  important  instance  of  a  substance  which  can 
be  greatly  more  effective  when  distributed  within  the  body  exclusively 
by  way  of  the  peripheral  lymph  space  mechanism  than  by  the  other- 
wise very  efficient  central  cardio-vascular  mechanism.     In  normal 
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frogs  after  injections  of  acid  fuchsin,  "a,  tetanus  will  not  appear, 
as  a  rule,  after  fairly  large  doses  (1  to  4  mgm.  per  gram  of  body- 
weight  of  the  drug)  until  from  1  to  20  or  more  hours  have  elapsed" 
(Barbour  and  Abel).  In  our  experiments  1/20  mgm.  of  fuchsin 
per  gram  body-weight  invariably  brought  out  violent  convulsions 
in  intervals  of  much  less  than  one  hour.  Acid  fuchsin,  then,  is 
at  the  very  least,  twenty  times  more  toxic  when  distributed  by  the 
peripheral  mechanism,  than  when  distributed  in  the  normal  animal 
by  the  central  circulation.  Furthermore  the  drug  proved  to  be  here 
even  more  toxic  than  for  frogs  whose  anterior  part  of  the  cerebrum 
was  removed.  According  to  Barbour  and  Abel,  0.35  mgm.  of 
fuchsin  per  gram  body-weight  was  the  minimal  toxic  dose  for 
decerebrated  animals.  Assuming  that  this  was  a  reliable  mini- 
mum dose  (in  the  protocols  and  tables  of  Barbour  and  Abel  there 
are  not  many  instances,  in  which  0.35  mgm.  per  gram  frog  proved 
to  be  a  reliably  toxic  dose)  it  is  still  seven  times  as  large  as  the 
infallibly  convulsant  dose  in  cardiectomized  frogs. 

There  is,  however,  one  circumstance  by  which  the  toxicity  of 
fuchsin  would  appear  to  be  greater  in  decerebrated  than  in  cardiec- 
tomized frogs.  In  the  experiments  of  Barbour  and  Abel  on  frogs 
without  the  anterior  part  of  the  cerebrum  the  convulsions  some- 
times appeared  in  less  than  one  minute  after  the  injection  of  fuch- 
sin. While  this  may  not  have  been  a  frequent  occurrence,  it 
remains  nevertheless  an  indisputable  fact  that  the  average  length 
of  the  interval  in  the  mentioned  experiments  of  Barbour  and  Abel 
was  definitely  shorter  than  the  average  interval  in  our  series 
of  experiments  with  1/20  mgm.  of  fuchsin  per  grm  frog.  It  must 
be  remembered,  however,  that  in  the  experiments  of  Barbour  and 
Abel  the  cardio-vascular  mechanism  remained  intact  and  that 
the  transportation  of  the  fuchsin  was  accomplished  essentially 
by  this  mechanism.  Now,  whatever  we  may  claim  for  the  effi- 
ciency of  the  peripheral  lymph  space  mechanism,  it  must  remain 
undisputed  that  the  rapidity  of  the  transportation  will  always  be 
greater  when  accomplished  by  the  cardiac  circulation.  In  other 
words  we  surmised  that  the  shortness  of  the  interval  was  essen- 
tially due  to  the  aid  of  the  intact  circulation,  and  not  to  a  special 
virtue  of  the  removal  of  the  anterior  part  of  the  cerebrum.    To 
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the  weight  of  this  plausible  reasoning  we  tried  to  add  the  test 
by  experimentation.  In  five  experiments  the  removal  of  the 
anterior  part  of  the  brain  was  added  to  the  cardiectomy  and  then 
1/20  mgm.  (per  gram  body-weight)  of  the  fuchsin  was  injected. 
If  the  shortness  of  the  interval  in  the  brain  experiments  of  Bar- 
bour and  Abel  were  due  not  to  the  cardiac  action  but  to  the 
removal  of  the  anterior  part  of  the  braiUj^the  interval  in  these 
experiments  ought  to  be  definitely  shorter.  The  results  of  these 
experiments  are  incorporated  in  table  II.  The  convulsions  in 
these  experiments  did  not  set  in  earlier  than  in  car diectomized frogs 


TABLE  n 


In  these  experiments  the  frogs  were  cardiectomized  and  in  addition  the  anterior 
one-thir4  of  the  cerebrum  was  removed.  Fuchsin  injected  into  dorsal  lymph  sac — 
tmng  1  per  cent  solution  in  frog  saline. 


NUMBER 

OP 

EXPERIMENT 

WEIGHT 

DOSE  PER 
ORAM 
FROG 

TIME  FROM 
OPERATION 

TO 
INJECTION 

■ 

TIME  FROM 
INJECTION 
TO  FIRST 
CONVUL- 
SION 

DURATION 
OF  FLEXOR 
CONVUL- 
SION 

DURATION 

OP 
EXTENSOR 
CONVUL- 
SION 

TIME  FROM 
INJECTION  TO 

LOSS  OF 
IRRITABILITT 

gms. 

mgm. 

min. 

min. 

min. 

min. 

min. 

54 

62 

1/20 

4 

55 

216 

55 

52 

1/20 

2 

30+ 

■ 

96 

56 

52 

1/20 

3 

32 

56 

60 

213 

57 

55 

1/20 

3 

19 

50 

40 

139 

58 

51 

1/20 

3 

20 

74 

•  40 

189 

59 

60 

1/20 

6 

11 

9 

44 

87 

vdth  intact  brains;  the  procedure  of  the  removal  of  the  anterior 
part  of  the  brain,  therefore,  certainly  did  not  accelerate  the  devel- 
opment of  the  convulsions.  On  the  contrary,  the  experiments 
seem  to  indicate  even  an  opposite  result.  In  one  experiment 
the  onset  of  the  convulsions  was  very  late  and  their  course  sur- 
prisingly weak;  we  reproduce  here  its  protocol. 


Experiment  7.     May  3,  frog  35,  male,  52  grams 

10:48    Heart  removed,  not  a  drop  of  blood  lost. 

10:50     Injected  into  dorsal  lymph  sac  1/20  mgm.  per  gram  of  body- 
weight  of  1  per  cent  fuchsin  in  frog  saline. 
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10:51     Anterior  part  of  brain  snipped  off  with  scissors,  cut  just  back  of 

eyes;  very  little  loss  of  blood. 
11 :50     Has  had  no  spontaneous  convulsions,  but  for  some  time  responds 

to  tapping  with  a  good  flexor  convulsion.     Sits  on  its  haunches 

with  head  up. 
12:15     No  spontaneous  convulsion  yet;  tapping  gives  a  fairly  good 

flexor  convulsion. 
12:26    Tapping  brings  almost  no  response. 

This  experiment  presents  a  surprise;  in  the  experiments  with 
cardiectomy  alone  no  such  a  weak  response  was  ever  met  with 
after  an  injection  of  1/20  mgm.  per  gram  body-weight.  Besides, 
the  average  interval  between  the  injection  and  the  first  appearance 
of  convulsions  is  for  these  five  experiments  much  longer  than  the 
average  interval  for  the  frogs  with  cardiectomy  alone.     • 

However,  we  shall  not  enter  in  this  paper  upon  a  discussion 
of  the  possible  significance  of  this  apparently  paradoxical  fact. 
The  number  of  these  experiments  is  too  small  anyhow  to  serve 
as  a  basis  for  a  proper  discussion. 

III.       INTRA-VASCULAR  INJECTIONS  OF  FUCHSIN 

Intra-aortic  Injections 

The  method  of  experimentation  employed  in  the  foregoing 
investigation  was  devised,  as  stated  at  the  beginning,  to  study 
two  questions;  the  distribution  of  the  fuchsin  by  the  peripheral 
mechanism  and  the  favorable  effect  of  the  absence  of  the  neu- 
tralizing blood  upon  the  action  of  that  drug.  The  question 
of  the  rapidity  of  action  could  not  be  well  studied,  as  indicated 
before,  in  the  absence  of  the  cardiac  mechanism.  In  the  follow- 
ing series  of  experiments,  we  lieglected  the  action  of  the  peripheral 
mechanism  and  tried  instead  to  study  the  action  of  fuchsin  under 
a  combination  of  the  factors  of  absence  of  blood  and  rapidity 
of  administration  of  the  drug.  For  this  purpose  a  cannula  was 
tied  into  the  bulbus  arteriosus  and  the  drug  injected  directly  into 
the  common  aorta.  The  solution  was  thus  rapidly  distributed 
through  the  arterial  system,  in  a  manner  equal  to  the  distribution 
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by  the  pumping  of  the  heart.  (The  cannula  was  filled  with  frog's 
saline,  the  attached  piece  of  rubber  tubing  clamped,  and  the  in- 
jection made  with  a  fine  hypodermic  needle  which  was  inserted 
through  the  rubber  tubing).  In  some  instances  the  heart  was 
first  cut  off  and  the  animal  bled,  in  others  the  heart  was  clamped 
off,  so  as  to  avoid  bleeding.  The  main  purpose  of  the  arrangement 
was,  as  stated  before,  to  bring  the  drug  rapidly  to  the  nervous 
system,  while,  at  the  same  time  preventing  the  entrance  of  fresh 
blood  during  the  injection  of  the  drug  as  well  as  later. 

x\t  the  beginning  of  these  new  experiments  doses  of  1/20  mgm. 
fuchsin  per  gram  frog  were  employed.  This  dose,  however,  was 
soon  reduced  to  1/100  mgm.,  and  less,  per  gram  frog.  In  the 
latter  cases  the  fuchsin  had  to  be  administered  in  still  more  dilute 
solutions,  usually  1/10  per  cent  in  frog  saline.  Although  these 
experiments  were  made  in  the  month  of  May  with  a  room  tem- 
perature often  at  26°  or  27°  C.  at  which  the  cardiectomized  frogs 
usually  did  not  last  long  and  did  not  respond  readily  with  convul- 
sions, the  results  were  nevertheless  very  striking.  We  shall 
illustrate  them  with  a  few  short  protocols. 

Experiment  8.     May  4,  ffog  60,  female,  72  grams 

1:15     Bled  by  cutting  off  tip  of  ventricle,  the  cannula  inserted  into 

hulhus  arteriosus. 
1:40     Injected  into  cannula  1/20  mgm.  (per  gram  frog)  of  1  per  cent 

fuchsin  in  frog  saline;  followed  by  washing  the  cannula  with 

some  saline.     Before  the  procedure  could  be  finished  the  animal 

was  having  powerful  convulsions. 
1 :45     Is  stretched  out  in  continuous  extensor  convulsions. 
1:52     Convulsions  are  weaker. 
2:12    For  a  long  time  no  spontaneous  convulsions;  a  tap  gives  a  good, 

but  very  transient  tetanus. 
2:30    No  response. 

Experim£nt  9.     May  4,  frog  61,  female,  78  grams. 

2:20     Bled,  cannula  inserted  in  bulbus  aortae. 

2:27     Injected  1/100  mgm.  (per  gram  frog)  of  1/10  per  cent  fuchsin  in 
frog  saline. 


196  D.    R.    JOSEPH   AND    S.    J.    MELTZER 

2 :29  Spontaneous  powerful  flexor  convulsions. 

2:31  Since  2:29  has  had  continually  powerful  flexor  convulsions, 

2:32  Most  powerful  continuous  extensor  convulsions. 

2:36  Only  occasionally  spontaneous  convulsions;  a  light  tap  gives  very 

strong  extensor  convulsions. 

2 :44  Still  shows  occasionally  a  transient  extensor  convulsion. 

3:15  No  response  at  all. 

Experiment  10.     May  8,  frog  70,  male,  61  grams 

3:22     Cannula  in  bulbus  aortae,  no  bleeding. 

3:29     Injected  1/125  mgm.  (per  gram  frog)  of  1  per  cent  fuclisin  in  frog 

saline. 
3:35     A  powerful  spontaneous  flexor  convulsion,  animal  writhed   and 

flopped  about  table. 
3:37     One  powerful  convulsion  after  another. 
3:44    The  first  extensor  convulsion,  spontaneous,  strong. 
3:49     Still   shows   spontaneous   extensor   convulsions;   less    frequently 

now. 
3:54    Repeated  tapping  gives  no  response. 

Experiment  11.     May  8,  frog  69,  male,  76  grams 

3:05  Cannula  in  bulbus  aortae,  no  bleeding. 

3:14  Injected  1/150  mgm.  (per  gram  frog)  of  1/10  per  cent  fuchsin  in 

frog  saline. 

3:30  No  convulsion  yet. 

3 :32  A  light  tap  gives  a  moderate  convulsion. 

3 :33  The  first  spontaneous  convulsion,  moderately  strong. 

3 :37  Has  had  three  or  four  spontaneous  moderately  strong  convulsions. 

3:43  Repeated  tapping  brings  no  response. 

Experiment  12.     May  5,  frog  65,  male,  56  grams 

1:40     Cannula  in  bulbus,  moderate  bleeding. 

1:49     Injected  1/200  mgm.  (per  gram  frog)  of  1/10  per  cent  fuchsin  in 

frog  saline. 
2:01     No  convulsions,  still  jumps  about. 

2:09     Depressed,  nose  on  table,  tapping  elicits  no  convulsions. 
2 :29     Strong  depression.     Tapping  gives  almost  no  response  of  any  kind. 
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When  injected  directly  into  the  aorta  a  dose  of  1/20  mgm.  per 
gram  frog  brought  on  most  violent  convulsions  in  less  than  a 
minute.  The  convulsions  were  very  violent  also  with  much 
smaller  doses  of  the  drug,  but  the  smaller  the  dose  the  later  the 
convulsions  set  in.  However,  at  the  utmost,  it  was  only  a 
question  of  a  few  minutes.  A  dose  of  1/125  mgm.  per  gram 
frog  was  the  reliable  minimum;  1/150  mgm.  per  gram  frog  had  only 
a  very  mild  and  unreUable  effect;  1/200  mgm.  per  gram  frog 
seems  to  cause  no  increase  of  excitabiUty.  (The  experiments 
with  1/200  per  gram  frog  demonstrate  at  the  same  time,  that  the 
injection  of  saline  has  no  share  in  the  production  of  convulsions.) 
See  table  III. 

Intravenous  Injection 

These  experiments  proved,  then,  unmistakably  the  fact  that 
by  direct,  intra-aortic  injections,  in  the  absence  of   continual 

TABLE  III 

'  Intra  aortic  injections  of  yV  P^^  ^^^*  ^^  fuchsin  in  frog  saline  solution,  in 

cardiectomized  frogs. 


NUMBEB        ! 
OF 
EXPEKIMENT 


DOSE  FEB 
GRAM 
FBOG 


TIMi:  FBOM 
OPEBATION 

TO 
.   INJECTION 


TIME  FBOM 

INJECTION 

TO  FIBST 

CONVUL- 

SlOIf 


DURATION 
OF  FLEXOR 
CONVUL- 
SION 


DURATION 

OF 
EXTENSOR 
CONVUL- 
SION 


TIME  FBOM 
INJECTION  TO 

LOSS    OF 
IBBITABIUTT 


gms. 

mgm. 

60 

72 

1  1/20 

61 

78 

1  1/100 

64 

76 

1  1/100 

70 

61 

1  1/125 

71 

68 

;  1/125 

72 

61 

1/125 

89 

54 

1/125 

90 

52 

1/125 

91 

56 

1/125 

93 

50 

1/125 

96 

72 

1/125 

68 

•58 

1/150 

69 

76 

1/150 

63 

91 

1/200 

65 

56 

1/200 

66 

59 

1/200 

67 

93 

1/200 

27 

12 

11 

5 

17 

4(?) 


All  response  lost  in  25  min. 

11    I    17   !  8 

9   I   18   I  6 

No  conviilsions. 


9 

10 

8 


No  convulsions. 
No  convulsions. 
No  convulsions. 


50 
48 
31 
25 
31 
34 
18 
13 
27 
21 

30 
30 


198 


D.    R.    JOSEPH   AND    S.    J.    MELTZER 


entrance  of  fresh  blood  from  all  parts  of  the  body,  fuchsin,  even 
in  minute  doses,  will  bring  on  violent  convulsions  in  a  very  short 
time  after  the  injection.  The  question,  however,  might  arise 
whether  the  absence  of  the  blood  is  an  influencing  factor  at  all 
in  these  injections,  whether  the  prompt  effect  in  these  experi- 
ments is  not  due  entirely  to  the  direct  and  rapid  manner  in  which 
the  drug  reaches  the  central  nervous  system.  To  test  this  point 
the  drug  was  introduced,  in  a  number  of  experiments  upon  nor- 
mal frogs,  through  a  cannula  tied  in  the  abdominal  vein.  The 
intact  heart,  receiving  the  drug  almost  immediately  after  its 
injection  into  the  abdominal  vein,  sends  it  at  once  to  the  central 
nervous  system,  practically  in  the  same  direct  and  rapid  manner 
as  when  it  is  injected  through  the  bulbus  arteriosus.  These 
experiments,  although  not  numerous  (see  table  IV)  show  unmis- 


TABLE  IV 


Injections  through  the  abdominal  vein  into  frogs  with  normal   circulation, 
cent  acid  fuchsin.  in  frog  saline  solution  used. 


5  per 


NUMBER 

DOSE  PER 

OP 

WEIGHT 

GRAM 

EXPEEIMBNT 

FROG 

gms. 

mam. 

97 

58 

1/2 

98 

55 

1/2 

100 

65 

3/4 

101 

67 

3/4 

102 

62 

3/4 

99 

53 

1 

103 

61 

1 

104 

67 

1 

105 

63 

1 

106 

55 

1 

107 

55 

1 

TIME  FROM 
OPERATION 

TO 
INJECTION 


TIME  FROM 
INJECTION 
TO  FIRST 
CONVUL- 
SION 


DURATION 
OF  FLEXOR 
CONVUL- 
SION 


DURATION 

OF 
EXTENSOR 
CONVUL- 
SION 


Never  any  convulsions  (3  days). 
Never  any  convulsions  (2  days). 

I        11      I    13 

No  convulsions  during  3  days. 
No  convulsions  during  3  days. 


TIME  FROM 
INJECTION  TO 

LOSS  OF 
IRRITABILITY 


112 


(Convulsions  powerful  at  first 
69 


and  soon  over) 
No  convulsions  during  3  days 


2 
43 

6 
11 


9 

10 
11 


300+ 
323+ 
360+ 

348+ 


takably  the  striking  difference  which  exists  between  the  effects 
of  the  blood-free  intra-aortic  injections,  and  that  of  the  intra- 
venous injections.  In  two  experiments  with  doses  of  1/2  mgm. 
per  gram  frog  (of  5  per  cent  acid  fuchsin  in  frog  saline)  the  frogs 
showed  no  sign  of  a  convulsion  for  over  two  days  during  which 
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time  they  were  under  observation.  In  three  experiments,  in 
which  the  frogs  received  intravenously  5/4  mgm.  per  gram  frog 
(of  5  per  cent  fuchsin  in  frog  sahne)  two  animals  had  no  convul- 
sions at  all  and  one  had  moderately  strong  convulsions.  Five 
frogs  received  intravenously  1  mgm.  per  gram  frog  (of  5  per  cent 
fuchsin  dissolved  in  frog  saline).  One  of  these  frogs  had  no  con- 
vulsions at  all,  and  in  another  the  convulsions  set  in  about  43 
minutes  after  the  injection  and  ran  a  mild  short  course.  In  the 
remaining  three  frogs  the  convulsions  set  in  rather  early  and  ran 
a  fairly  strong  course,  which,  however,  could  not  be  compared 
with  the  violence  of  the  convulsions  which  invariably  appeared 
after  an  intra-ortic  injection  of  even  such  a  small  dose  as  1/100 
mgm.  per  gram  frog.^  It  goes  therefore  without  saying  that  the 
effects  of  intra-aortic  injections  of  fuchsin  are  very  much  stronger 
than  the  effects  of  intravenous  injections;  we  may  even  put  down 
roughly  that  it  is  at  least  100  times  more  effective. 

Now  it  is  evident  that  in  injecting  through  the  bulbus  arteriosus, 
that  is,  into  the  common  aorta,  the  solution  is  distributed  through 
the  body  in  the  same  manner  and  proportion  and  with  about 
the  same  celerity  as  when  it  is  injected  into  the  heart  through  the 
abdominal  vein.  Accordingly,  the  main  difference  between  the 
injection  through  the  bulbus  aortae  and  the  intravenous  injection 
consists  in  the  fact,  pointed  out  before,  that  in  the  intravenous 
mode  of  injection,  blood  enters  the  central  nervous  system  at 
the  same  time  with  the  fuchsin  solution  and,  what  is  perhaps  of 
greater  importance,  it  continues  to  deluge  the  nervous  system 
after  the  injection. 

We  may  therefore  say,  that  both  series  of  experiments  with 
intra- vascular  injection  sustain,  in  the  first  place,  the  claim  that 
it  is  the  blood  of  the  cardiac  circulation  which  reduces  the  tox- 
icity of  fuchsin,  and  that  they,  in  a  measure,  support  also  the 
theory,  that  the  blood  contains  substances  which  are  capable  of 
neutralizing  to  some  extent  the  toxic  action  of  acid  fuchsin  upon 
the  central  nervous  system. 

'  We  ought  to  recall  here  the  fact  that  when  using  1  mgm.  of  the  drug  per  gram 
frog,  Barbour  and  Abel,  saw  occasionally  even  after  injections  into  the  lymph 
sac  of  normal  frogs  a  fairly  early  onset  of  strong  convulsions.  (Compare,  for 
instance,  Experiment  2,  p.  169,  1  c.) 
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IV.      INTRAVENOUS    INJECTION    INTO    ANIMALS    DEPRIVED    OF    THE 
ANTERIOR     PART     OF     THE     BRAIN 

In  connection  with  the  last  mentioned  experiments  we  shall 
record  here  briefly  a  few  observations  made  with  intravenous 
injections  of  fuchsin  in  frogs  in  which  the  anterior  third  of  the 
brain  was  removed.  In  two  frogs  which  received  1/100  mgm. 
per  gram  frog  and  two  others  which  received  1/50  mgm.  per 
gram  frog  no  convulsions  set  in,  for  over  twenty-four  hours,  that 
is,  as  long  as  they  were  observed.  In  four  frogs  which  received 
intravenously  1/20  mgm.  per  gram  body-weight,  two  showed  no 
symptoms  and  two  had  fairly  strong  convulsions,  but  in  one  of 
these  the  convulsions  set  in  only  after  thirty-three  minutes.  Only 
^  one  animal  received  1/10  mgm.  per  gram  body- weight;  it  showed 
marked  convulsions  which  began  three  minutes  after  the  injec- 
tion.    See  table  v. 

TABLE  V 

Injections  through  the  abdominal  vein  into  frogs  uoith  normal  circulation  hut  whose 
anterior  one-third  of  the  cerebrum  had  been  removed.  One  per  cent  and  y^  per 
cent  solutions  of  fuchsin  in  frog  saline   used. 


NUMBER 

OF 

EXPERIMENT 

WEIGHT 

DOSE  PER 
GRAM 
FROG 

TIME  FROM 

OPERATION 

TO 

INJECTION 

TIME  FROM 
INJECTION 
TO  FIRST 
CONVUL- 
SION 

DURATION 
OF  FLEXOR 

CONVUL- 
SION 

DURATION 

OF 
EXTENSOR 
CONVUL- 
SION 

TIME  FROM 
INJECTION  TO 

LOSS  OF 
IRRITABILITY 

gms. 

mgm. 

min. 

Tuin. 

min. 

min. 

min. 

81 

60 

1/100 

Never  any  convulsions. 

82 

77 

1/100 

Never  any  convulsions. 

83 

67 

1/50 

No   definite   strong   convulsions.     A 

few  mild 

indefinite  convulsions. 

84 

62 

1/50 

Never  any  convulsions. 

80 

69 

1/20 

Never  any  convulsions. 

85 

69 

1/20 

4        1        33      1        15 

48 

180 

87 

65 

1/20 

Never  any  convulsions. 

88 

56 

1/20 

11 

Fairly   s 

trong   coi 

ivulsions. 

86 

65 

1/10 

3 

19 

115 

152 

While  these  experiments  are  only  few  in  number,  they  show 
that  even  1/20  mgm.  per  gram  body- weight,  when  administered 
intravenously,  is  capable  of  bringing  out  convulsions;  while 
the  smallest  dose  of  the  fuchsin,  which,  in  the  experiments  of 
Barbour  and  Abel,  occasionally  brought  out  convulsions  when 
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injected  into  the  lymph  sac,  was  not  less  than  0.35  mgm.  per  gram 
body-weight.  That  shows  that  the  intravenous  injection  is 
much  more  effective,  perhaps  seven  times  more,  than  injections 
into  the  lymph  sac.  The  rapidity  of  the  onset  of  convulsions 
was,  however,  not  markedly  different  between  the  two  modes  of 
injection.  Again  these  experiments  seem  to  show  also  a  much 
greater  increase  in  the  toxicity  of  the  fuchsin  after  ehmination  of 
the  circulation  than  after  the  removal  of  the  anterior  part  of  the 
cerebrum.  In  the  cardiectomized  frogs  even  by  injections  into 
the  lymph  sac,  1/20  mgm.  per  gram  body-weight  was  an  infallibly 
convulsant  dose,  while  this  dose  was  not  reUable  (only  two  out 
of  four)  in  decerebrated  frogs  even  when  the  drug  was  adminis- 
tered intravenously.  Remembering,  in  addition,  that  the  intra- 
venous injections  are  rather  comparable  with  intra-aortic  experi- 
ments, in  which  even  such  a  small  dose  as  1/125  mgm.  per  gram 
body-weight  proved  to  be  an  infallibly  convulsant  dose,  it  seems 
to  be  strikingly  evident  that  the  absence  of  the  circulation  is  a 
much  stronger  factor  in  favoring  the  production  of  convulsions  by 
fuchsin  than  the  removal  of  the  anterior  part  of  the  cerebrum. 

V.      DISCUSSION   AND    CONCLUSIONS 

The  experiments  established  in  the  first  place  the  fact,  that 
after  removal  of  the  cardiac  circulation  in  frogs,  an  injection  of 
fuchsin  into  the  lymph  sac,  of  even  as  small  a  dose  as  1/20  mgm. 
per  gram  body-weight,  brings  out  invariably  violent  convulsions 
in  less  than  half  an  hour.  In  animals  with  normal  circulation 
we  know  from  the  experiments  of  Barbour  and  Abel,  that  even 
1  mgm.  (per  gram  body-weight)  of  the  fuchsin  will  very  rarely 
bring  on  a  convulsion  in  less  than  an  hour.  The  experiments 
show,  then,  that  (1)  fuchsin  is  efficiently  distributed  through 
the  peripheral,  lymph  space  mechanism,  and  that,  (2)  when  so 
distributed,  it  affects  the  central  nervous  system  much  more 
strongly  than  when  it  is  brought  there  by  the  normal  circulation. 
Other  experiments  have  shown  the  additional  fact,  that  if,  after 
eliminating  the  heart,  the  fuchsin  is  injected  into  the  common  aorta, 
instead  of  into  a  lymph  sac,  even  so  small  a  dose  as  1/125  mgm. 
(per  gram  body-weight)  will  invariably  bring  on  violent  convul- 


202  D.    R.    JOSEPH    AND    S.    J.    MELTZER 

sions.  When  the  drug  is  injected  intravenously  in  a  frog  with 
the  cardiac  circulation  intact,  even  1/2  mgm.  (per  gram  body- 
weight)  fails  to  bring  on  convulsions.  The  injections  into  the 
common  aorta  have  this  in  common  with  the  injections  into  a 
lymph  sac  of  a  cardiectomized  frog,  that  the  fresh  blood  is  kept 
out  from  the  central  nervous  system;  but  in  the  intra-aortic 
injections  the  drug  is  brought  almost  at  once  to  the  central 
nervous  system  while  the  transportation  from  the  lymph  sacs  is 
necessarily  slower.  That,  however,  the  rapidity  of  the  transpor- 
tation is  not  the  chief  cause  of  the  great  effectiveness  of  the  intra- 
aortic  injections,  is  shown  by  the  fact,  that  for  the  intravenous 
injections,  in  which  the  rapidity  of  transportation  to  the  central 
nervous  system  is  practically  as  great  as  in  intra-aortic  injections, 
the  effective  dose  must  be  nearly  a  hundred  times  larger.  Appar- 
ently it  is  the  simultaneous  and  consecutive  sending  of  the  blood  to 
the  central  nervous  system,  which  makes  the  intravenous  adminis- 
tration of  fuchsin  less  toxic. 

We  know,  then,  two  conditions  which  are  capable  of  increasing 
greatly  the  toxicity  of  acid  fuchsin  for  the  frog :  The  removal  of 
the  anterior  third  of  the  brain  (Barbour  and  Abel)  and  cardi- 
ectomy.  From  a  comparison  of  the  experiments  we  may  safely 
say  that  the  removal  of  the  heart  makes  the  drug  much  more 
toxic  than  the  removal  of  the  anterior  part  of  the  brain;  for  in 
injections  into  the  lymph  sac,  0.35  mgm.  (per  gram  body-weight) 
is  the  (unsafe)  minimum  dose  after  removal  of  the  brain,  while 
0.05  mgm.  (per  gram  body-weight)  is  the  (infallible)  minimum 
dose  after  the  removal  of  the  heart.  A  similar  striking  difference 
between  the  minima  of  toxicity  was  found  to  exist  between  the 
intravenous  injection  in  frogs  with  the  anterior  part  of  the  brain 
removed  and  the  intra-aortic  injections  in  frogs  with  heart  removed 
and  brain  intact. 

As  an  explanation  for  the  influence  of  the  removal  of  the  heart 
we  offer  the  following  theory.  The  blood  receives  from  various 
organs  of  the  body  a  variety  of  secretions  some  of  which,  we  know, 
are  capable  of  neutralizing  various  toxins  and  poisons.  It  is 
therefore  possible  that  it  is  some  such  substance  in  the  blood  which 
keeps  down  the  toxicity  of  acid  fuchsin  in  the  normal  animal. 
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After  elimination  of  the  circulation  and,  with  it,  the  neutraUzing 
activity  of  the  hypothetical  substance,  the  acid  fuchsin  gets  a 
chance  to  develop  its  toxicity.  The  increasing  effect  of  the  removal 
of  the  anterior  part  of  the  brain,  Barbour  and  Abel  explain  by 
the  assumption,  that  this  part  of  the  brain,  when  present,  exerfe 
an  inhibitory  effect  upon  the  excitability  of  the  cord;  the  removal 
of  this  part  removes,  therefore,  or  decreases  the  restraint  of  the 
inhibition;  hence  the  greater  convulsant  effect  of  the  drug. 

May  we  not  explain  the  convulsant  action  of  both  procedures 
by  a  single  hypothesis?  For  instance,  may  we  not  assume,  that 
the  removal  of  the  heart  causes  a  complete  anemia  of  the  anterior 
part  of  the  brain,  and  thus  eliminates  the  inhibitory  activity  of 
this  part  as  efficiently  as  if  it  would  have  been  cut  off?  We 
believe,  that  this  hypothesis  is  not  acceptable  for  the  following 
reasons.  In  the  first  place,  it  is  not  a  very  plausible  assumption 
that  the  anemia  will  reduce  the  (inhibitory)  irritability  of  just 
that  part  alone.  But  granting  even  the  admissibility  of  such  a 
hypothesis,  the  anemia  certainly  could  not  destroy  the  part  more 
thoroughly,  than  it  is  done  by  its  entire  removal.  How,  then, 
could  the  removal  of  the  heart  cause  a  definitely  greater  toxicity 
of  the  drug  than  the  removal  of  the  brain,  if  the  latter  procedure 
be  the  only  cause  for  the  rise  in  toxicity?  But  to  meet  this  ob- 
jection, we  may,  perhaps,  assume  further,  that  the  anemia  removes 
inhibitory  mechanisms  also  in  other  parts  of  the  brain,  besides 
that  of  its  anterior  part,  and  hence  the  greater  effect  of  the  removal 
of  the  heart.  But  if  this  were  true,  the  simple  removal  of  the 
heart  alone  ought  to  lead,  surely,  to  a  definite  manifest  hyper- 
excitability^ — which  is  absolutely  not  the  case.  Frogs  after  removal 
of  their  hearts,  pass  from  a  normal  condition,  through  a  stage 
of  increasing  depression,  to  absolute  paralysis,  without  showing 
at  any  time,  an  increase  in  the  reflex  irritability. 

We  shall  not  try  to  invent  more  unifying  hypotheses  and  con- 
trovert them.  For  the  present  we  are  willing  to  accept  both 
theories  as  temporary  interpretations  of  the  undeniable  facts. 
But  we  shall  refrain  from  dwelling  here  theoretically  upon  the  par- 
ticulars of  the  mutual  relations  of  both  theories;  future  experimen- 
tal work  will  undoubtedly  render  better  services  than  mere  addi- 
tional hypotheses. 
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I.    HISTORICAL   AND    INTRODUCTORY 

Cytisine  is  an  alkaloid,  present  in  a  number  of  plants,  which 
was  first  isolated  from  the  seeds  and  other  parts  of  the  common 
Laburnum  tree  (Cytisus  laburnum):  its  presence  in  the  latter 
has  led  to  numerous  cases  of  accidental  poisoning.  ^ 

Most  of  the  cases  occur  in  children,  who  eat  the  seeds  in  play. 
Radziwillowicz  1  in  1888  collected  accounts  of  131  cases,  includi'  on 
five  fatal  ones.  The  most  recent  detailed  accoimt  of  the  symp-  r 
toms  which  we  have  seen  was  given  by  VaUette,^  who  in  1908 
attended  three  women  who  had  eaten  a  disji  in  which  laburnum 
flowers  had  been  used  as  a  flavoring  agent,  in  mistake  for  those 
of  Robinia  pseudacacia.  The  most  constant  symptom  appears 
to  be  vomiting,  succeeded  by  prostration  and  torpor,  which  may 
or  may  not  be  preceded  by  a  stage  of  excitement.  Other  symp- 
toms described  are  delirium,  hallucinations,  mydriasis,  muscular 
twitchings,  convulsions,  saHvation,  diarrhoea,  vertigo,  pallor  and 
cold  sweats.  In  Vallette's  patients  the  first  symptom  was  a  f  eehng 
of  numbness  in  the  hands.  Death,  when  it  occurs,  is  due  to 
respiratory  paralysis. 

1  Cf.  Radziwillowicz:  Arb.  d.  pharm.  Inst,  z.,  Dorpat  II,  p.  56,  1888.  Vallette: 
Rev.  med.  de  la  Suisse  Romande, — 1908,  p.  366.  Also  various  authors  in  The 
Lancet,  1877,  ii,  pp.  341  and  414;  1901,  ii,  p.  491;  1905,  ii,  p.  635;  and  the  Brit.  Med. 
Journ.,  1870,  i.  p,  79;  1882,  i,  p.  199,  1883,  i,  p.  1117. 
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The  alkaloid  was  first  prepared  and  named  by  Gray,^  isolated 
pure  by  Husemann  and  Marme,"  and  further  studied  by  others, 
including  Partheil,^  who  assigned  to  it  the  accepted  formula 
C11H14N2O,  and  more  recently,  Freund  and  his  pupils.^ 

Its  action  on  animals  has  been  described  by  Gray,  Husemann 
and  Marme,^  Cornevin,^  Prevost  and  Binet,*  and  Radziwillowicz.^ 
Bradford^  also  described  the  action  of  ''ulexine,"  an  alkaloid 
obtained  by  Gerrard  from  the  seeds  of  the  common  gorse,  and 
since  shown  to  be  identical  with  Cytisine.  Most  of  the  accounts 
agree  as  to  the  obvious  symptoms  of  poisoning  by  Cytisine.  These 
are  described  as  a  stimulation  of  medullary  centres  resulting  in 
dyspnoea,  salivation  and  vomiting,  and  a  very  large  rise  of  blood- 
pressure,  muscular  twitchings  and  tremors,  partly  central,  partly 
peripheral  in  origin,  succeeded  by  weakness,  lethargy  and  narco- 
sis. With  intravenous  injection  of  a  few  milligrammes  the  stage 
of  excitation  is  said  to  be  succeeded  by  paralysis  of  the  centres, 
death  being  due  to  paralysis  of  the  respiratory  centre,  so  that 
life  can  be  prolonged  indefinitely  by  the  application  of  artificial 
respiration.  Bradford  obtained  the  rise  of  blood-pressure  in 
the  dog  after  section  of  the  cervical  cord.     Most  observers  de- 

^ribe  a  curare-like  action,  which,  according  to  Radziwillowicz,  is 
produced  with  relative  ease  in  the  cat  and  dog,  as  compared  with 
the  frog.  According  to  Bradford  the  muscular  tremors  are  at 
least  partly  of  peripheral  origin,  as  they  continue  after  response 
to  motor  nerves  is  abolished,  and  persist  for  some  time  in  a  com- 
pletely severed  limb.  Increased  diuresis  is  mentioned  by  Brad- 
ford and  by  Radziwillowicz.  Rodents  are  relatively  very  insen- 
sitive to  the  poison  (Prevost  and  Binet,  Radziwillowicz).  On 
some  points  there  is  lack  of  agreement  between  different  observ- 

*  Edinburgh  Med.  Journ.,  vii,  ii,  pp.  908,  1025,  1862. 
'  Zeitsch.  f.  Chem.,  i,  p.  161,  1865. 

*  Berichte  d.  deutsch.  Chem.  Gesell.,  xxiii,  p.  3201,  1890. 

5  Ibid.,  XXXIV,  p.  615,  1901;  xxxvii,  p.  16,  1904;  xxxix,  p.  814,  1906. 

*  Loc.  cit.  Also  Marme:  Nachr.  d.  kon.  Gesell.  z.  Wissensch.,  z.  Gottingen, 
1887  (Ref.  Therap.  Monatsh.,  1887,  p.  156). 

^  Comptes  Rendus,  1883,  p.  777. 

«  Rev.  med.  de  la  Suisse  Romande,  1887,  pp.  516  and  553,  and  1888,  p.  670. 

»  Journ.  of  Physiol.,  viii,  p.  79,  1887. 
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ers.  Thus  Prevost  and  Binet  noted  the  absence  of  effect  on  intes- 
tinal peristalsis,  though  a  stimulant  effect  on  this  is  described  by 
Radziwillowicz.  Prevost  and  Binet,  again,  describe  the  motor 
nerves  in  the  frog  as  being  paralysed  before  the  vagus  effect  on 
the  heart.  The  reverse  relation  was,  apparently,  observed  by 
Radziwillowicz,  who  emphasises  the  fact  that  the  curare-action 
is  not  obtained  in  the  frog  with  small  doses,  though  larger  doses 
produce  it.  His  description  of  the  comparatively  early  paralysis 
of  the  fore-limbs  in  the  frog,  which  show  a  cataleptic^"  condition 
while  the  hind-hmbs  are  still  capable  of  feeble  movement,  is 
very  suggestive.  The  same  observer  found  that  10  mgms.  of 
Cytisine  nitrate,  given  subcutaneously,  caused  stiff  extension  of 
the  hind-hmbs  in  a  fowl;  12  mgms.  killed  it.  He  also  observed 
powerful,  peristaltic  contraction  of  the  uterus  of  a  pregnant 
cat  as  the  result  of  injecting  1  mgm.  intravenously.  Both 
Marme  and  Radziwillowicz  found  that  the  alkaloid  was  excreted 
unchanged  in  the  urine. 

It  is  evident  that  the  description  given  by  these  observers  of 
the  action  of  Cytisine  might  be  transferred  to  that  of  nicotine^^ 
without  any  essential  alteration.  The  general  comparison  was 
not  made,  however,  though  Prevost  and  Binet  remark  that,  on 
direct  apphcation  of  Cytisine  to  the  frog's  heart,  a  momentary 
arrest  is  produced  ''similar  to  that  produced  by  nicotine."  Its 
pharmacological  affinities  were  regarded  as  being  rather  with 
curare  and,  for  no  very  clear  reason,  strychnine;  Radziwillowicz 
concluding  that  its  action  is  intermediate  between  those  of  strych- 
nine and  curare,  but  nearer  that  of  the  former. 

Our  own  experiments  confirm  the  impression  made  by  perusal 
of  the  accounts  of  previous  workers  that  the  action  of  Cytisine  is 
closely  similar  to  that  of  nicotine.     It  may  be  recalled  that  a 

"  The  statement  is  that  the  fore-limbs  "  wie  gelahmt  verharren  bei  jeder  Lage- 
veranderung  in  derselben  Stellung."  The  meaning  is  not  clear,  but  we  imagine 
that  a  description  is  intended  of  the  cataleptic  condition,  which  is  very  easily 
observed.  , 

^^  We  have  not  attempted  to  give  the  individual  authority  for  the  different 
details  of  the  action  of  nicotine  to  which  reference  is  made.  Most  of  the  points 
to  which  we  refer  will  be  found  in  the  paper  by  Langley  and  Dickinson,  Journ.of 
Physiol.,  XI,  p.  265,  1890,  in  which  full  references  to  earlier  literature  are  given. 
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similarly  close  or  even  closer  resemblance  to  nicotine  in  action 
was  observed  by  Edmunds^^  in  the  case  of  Lobeline. 

II.    EXPERIMENTAL  • 

For  our  supply  of  Cytisine  we  are  indebted  to  our  colleague 
Mr.  Ewins,  who  extracted  it  from  Laburnum  seeds.  For  our 
experiments  the  alkaloid  was  dissolved  in  water,  in  which  it  is 
readily  soluble,  the  strongly  alkaline  solution  being  then  exactly 
neutralised  with  HCl  and  diluted  to  contain  1  per  cent  of  the 
base.  Further  dilutions  were  made  with  physiological  saline 
from  this  stock  solution.  Our  observations  on  the  general  toxic 
effects  of  Cytisine  correspond  in  the  main  with  those  of  previous 
observers.  Points  of  difference  can  be  noted  in  dealing  with  the 
separate  systems. 

Skeletal  muscles.  Cytisine,  like  nicotine,  causes  muscular  tre- 
mors in  mammals  when  injected  intravenously.  These  are  doubt- 
less partly  central  in  origin,  being  depressed  by  chloroform  or 
other  anaesthetic  and  by  pithing  the  cord.  The  characteristic 
twitching  of  the  cat's  ears,  which  is  one  of  the  first  visible  effects 
of  an  intravenous  injection  of  nicotine,  lobeline  or  hordenine- 
methiodide  in  that  animal,  is  not  produced  by  Cytisine.  After 
doses  varying  from  6  to  10  mgms.  in  different  experiments  we 
found  stimulation  of  the  sciatic  nerve  in  the  anaesthetised  cat 
quite  ineffective :  the  muscles  still  responded  well  to  direct  faradi- 
sation. In  curare-like  action  on  the  cat,  therefore,  Cytisine  is 
about  as  powerful  as  nicotine.  The  rabbit,  as  noted  by  previous 
observers,  is  relatively  resistant.  Five  milligrammes  intraven- 
ously, in  a  rabbit  of  2^  kilos,  produced  a  mere  trace  of  muscular 
twitching.  Ten  milligrammes  subsequently  caused  violent  general 
twitching,  passing  into  fatal  convulsions.  The  jaw  muscles  con- 
tinued to  twitch  long  after  the  death  of  the  animal. 

We  have  noted  that  a  stiff  extension  of  the  legs,  recalling  that 
produced  by  nicotine,  was  observed  by  Radziwillowicz  in  the 
fowl  as  the  effect  of  injecting  Cytisine.  In  a  fowl  anaesthetised 
with  ether,  with  the  gastrocnemius,  tendon  of  one  leg  isolated  and 

'^  American  Journ.  of  Physiol.,  xi,  p.  79,  1904. 
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attached  to  a  lever  as  described  by  Langley,'"'  we  observed  a 
marked  and  persistent  tonic  contraction  of  the  muscle  when  2 
mgms.  of  Cytisine  were  injected  intravenously.  Our  impression 
is  that  the  effect  was  less  than  that  which  a  corresponding  injec- 
tion of  nicotine  would  have  produced.  It  is  impossible,  however, 
to  be  certain  of  this,  since  the  effect  of  either  alkaloid  is  reduced 
or  abolished  by  a  previous  injection  of  the  other,  so  that  the  two 
cannot  be  compared  on  the  same  animal.  The  effect  of  Cytisine 
on  the  frog  is  strongly  reminiscent  of  that  of  nicotine.  One-half 
milligramme  injected  into  the  dorsal  lymph-sac  caused  slowness  of 
movement  in  four  minutes.  In  five  minutes  the  fore-limbs  were 
paralysed,  being  trailed  alongside  the  body  when  the  animal 
attempted  to  jump,  so  that  the  nose  was  thrust  against  the  table. 
In  six  minutes  a  pronounced  cataleptic  condition  of  the  fore-limbs 
was  present :  respiration  had  also  ceased.  Slight  power  of  volun- 
tary movement  of  the  hind-limbs  was  retained  long  after  this, 
however,  and  they  still  exhibited  weak  twitches  thirty  minutes 
after  the  injection.  The  frog  was  then  pithed  and  dissected, 
when  it  was  found  that  the  muscles  of  the  hind-limbs  responded 
well  to  stimulation  of  the  sciatic  plexus.  In  another  frog  2  mgms. 
produced  a  complete  curare-like  effect,  the  muscles  being,  how- 
ever, still  fully  responsive  to  direct  excitation.  The  action  on 
isolated  muscles  of  the  frog  was  compared  with  that  of  nico- 
tine. Pairs  of  sartorii  were  isolated  from  several  frogs  and  placed 
in  tap-water  saline  (0.6  per  cent).  They  were  fixed  in  turn  in  a 
Keith-Lucas^^  muscle-trough  filled  with  sahne,  and  records  taken 
of  the  contraction  produced  when  the  saline  was  replaced  by  0.1 
per  cent  solution  of  nicotine  or  Cytisine  made  up  with  saline.  In 
each  case  the  action  of  nicotine  on  one  sartorius  was  compared 
with  that  of  Cytisine  on  the  other  muscle  from  the  same  frog. 
One-tenth  per  cent  Cytisine  always  produced  a  well-marked  tonic 
contraction,  but  this  was  in  every  instance  slower  in  onset,  lower 
in  maximum  and  more  evanescent  than  the  effect  of  nicotine  on 
the   corresponding   muscle.     Nicotine,    added   subsequently   to 

'Mourn,  of  Physiol.,  xxxiii,  p.  380,  1905. 

"  Journ.  of  Physiol.,  xl,  p.  Ixiv  (Proc.  Phys.  Soc),  1910. 
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subsidence  of  the  Cytisine  contraction,  or  Cytisine  after  nicotine, 
produced  no  effect.  Similar  results  were  obtained  with  the  gastroc- 
nemius and  the  flexor  longus  digitorum. 

The  excitatory  action  of  Cytisine  on  skeletal  muscle  is,  on  the 
whole,  therefore,  similar  to  but  weaker  than  that  of  nicotine:  in 
curare-like  action  the  two  appear  to  be  nearly  identical. 

Respiration.  Previous  observers  have  described  a  stimulant 
followed  by  a  paralytic  action  on  the  respiratory  centre.  This 
is  easily  observed  in  the  anaesthetised  cat,  in  which  animal  the 
intravenous  injection  of  1  to  2  mgms.  causes  violent  respiratory 
movements  followed  by  cessation  of  respiration.  If  artificial 
respiration  be  applied  the  normal  respiration  begins  again  in  a 
few  minutes.  In  a  rabbit,  on  the  other  hand,  in  which  we  made 
the  injection  by  the  ear- vein  without  anaesthesia,  we  observed 
no  primary  stimulation  of  the  respiratory  centre.  Immediately 
after  the  injection  the  respiration  ceased:  with  the  smaller  doses 
(up  to  5  mgms.)  it  was  soon  gradually  resumed;  after  an  additional 
dose  of  10  mgms.  it  was  permanently  abolished,  the  convulsions 
ensuing  being  possibly  due  in  part  to  asphyxial  stimulation  of 
the  cord. 

Heart  and  circulation.  The  rise  of  blood-pressure  recorded  by  all 
previous  observers,  ^^  has  by  them  been  generally  attributed  to 
stimulation  of  the  medullary  vaso-motor  centre.  Bradford 
pointed  out  that  a  rise  of  blood-pressure  was  still  produced  by 
ulexine  after  section  of  the  cervical  cord.  We  find  that  after 
extirpation  of  the  whole  cord  of  a  cat  by  pithing,  the  pressor 
effect  is  obtained  practically  unimpaired.  The  first  effect  on 
the  circulatory  mechanism  of  injecting  0.25  to  1  mgm.  of  Cytisine 
intravenously,  even  with  the  vagi  cut,  is  inhibition  of  the  heart : 
this  may  pass  off  rapidly  as  the  blood-pressure  begins  to  rise,  or, 
especially  with  larger  doses,  may  persist  for  a  large  part  of  the 
ascending  limb  of  the  pressure-curve.  Sooner  or  later  it  gives 
way  to  pronounced  acceleration.  The  combined  cardio-acceler- 
ation  and  vaso-constriction  produced  by  0.25  mgm.  drive  the 

"  The  effect  was  denied  by  Prevost  and  Binet  in  their  first  and  main  paper, 
but  they  subsequently  observed  it. 
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pressure  up  to  the  maximum  possible  to  the  cat  under  the  con- 
ditions of  the  experiment.  The  effect  is  evanescent,  and  repro- 
duced in  diminishing  degrees  by  successive  doses.  After  20  to 
30  mgms.  in  all  have  been  given  further  injections  produce  no 
effect  on  the  blood-pressure. 

After  sufficient  nicotine  to  render  a  cat  irresponsive  to  further 
nicotine  injection,  Cytisine  is  without  effect  on  the  blood-pressure; 
an  animal  similarly  paralysed  by  Cytisine  is  unaffected  by  nico- 
tine. Each,  therefore,  in  sufficient  quantity  paralyses  the  struc- 
tures which  the  other  stimulates.  After  a  sufficient  dose  of  ergo- 
toxine  (about  4  mgms.  is  usually  needed  in  a  cat)  Cytisine  produces 
a  fall  in  place  of  a  rise  of  blood-pressure. 

For  the  comparison  of  the  pressor  activities  of  the  two  alka- 
loids small  doses  must  be  employed.  In  a  cat  with  completely 
pithed  central  nervous  system  0.25  mgm.  of  Cytisine  is  found 
always  to  produce  a  more  rapid  and  greater  rise  of  pressure  than 
that  produced  by  the  same  dose  of  nicotine,  in  whichever  order 
they  are  given.  As  a  first  injection  of  this  quantity  of  Cytisine 
frequently  produces  a  supra-maximal  effect,  the  difference  becomes 
more  marked  with  later  injections,  the  effect  of  nicotine  thus 
appearing  to  be  more  rapidly  paralysed  (see  figs.  1  and  2). 
The  effect  of  a  given  submaximal  dose  of  Cytisine  can,  how- 
ever, still  be  surpassed  in  height  by  that  of  a  sufficiently  large 
dose  of  nicotine,  and  as  soon  as  sufficient  nicotine,  or  Cytisine, 
has  been  given  to  annul  the  effect  of  further  injections  of  nicotine 
on  the  blood-pressure  altogether,  no  amount  of  Cytisine  will 
produce  any  further  rise.  In  primary  stimulant  action,  then,  on 
peripheral  sympathetic  neurones  concerned  with  cardio-acceler- 
ation  and  vaso-constriction,  Cytisine  is  considerably  more  aative 
than  nicotine:  in  secondary  paralytic  action  on  the  same  struc- 
tures the  two  are  apparently  about  equal.  We  hope  to  study  the 
relation  between  the  two  actions  in  greater  detail:  there  are  cer- 
tain points  arising  in  the  comparison  of  which  the  meaning  is 
not  yet  clear.  The  initial  stimulation  of  the  vagus  inhibitor 
mechanism  is  succeeded,  when  larger  doses  (e.g.,  10  mgms.) 
are  given,  by  paralysis  of  the  effect  of  excitation  of  the  vagus 
trunk.     In  this  respect  again,  the  action  is  like  that  of  nicotine; 
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the  likeness  is  rendered  more  striking  by  the  production  after 
2  mgms.  of  Cytisine,  and  especially  in  a  cat  under  paraldehyde, 
of  the  phenomenon  of  reversed  vagus  action  on  the  heart  (fig.  3) 
which  we  described  in  a  recent  paper, ^^  and  which  was  likewise 
produced  by  about  2  mgms.  of  nicotine. 

AppUcation  of  a  few  drops  of  1  per  cent  Cytisine  to  the  frog's 
heart  causes  transitory  inhibition  followed  by  return  to  the  nor- 
mal or  slightly  accelerated  rate.  Stimulation  of  the  vagus  then 
produces  only  acceleration  or  augmentation  of  the  heart-beat. 


Fig.  3.  Cat:  Paraldehyde.     Carotid  blood-pressure.     Reversed  effect  of  the 
vagus  on  the  rate  of  the  heart-beat  after  2  mgms.  Cytisine. 


Alimentary  canal.  Vomiting  is  one  of  the  earliest  and  most 
characteristic  symptoms  of  the  action  of  Cytisine  on  the  dog  or 
cat.  It  is  incompletely  suppressed  by  anaesthesia,  vomiting 
efforts  of  some  vigour  being  produced  in  a  cat  under  ether  by  the 
injection  of  2  mgms.  intravenously.  Sometimes  they  are  effec- 
tive to  the  extent  of  producing  regurgitation  of  part  of  the  more 
fluid  contents  of  the  stomach. 

The  small  intestine  of  the  cat  exhibits  inhibition  during  the 
rise  of  pressure  produced  by  Cytisine,  followed  by  some  exagger- 

'*  Journ.  of  Physiol.,  xli,  p.  1,  1910. 
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ation  of  the  normal  pendulum  movement  as  the  pressure  returns 
to  the  normal  (fig.  4) .  The  effect,  like  that  on  the  blood-pressure, 
becomes  progressively  weaker  with  repeated  injections.  The 
whole  effect  is  qualitatively  indistinguishable  from  that  produced 
by  nicotine  under  the  same  conditions :  a  quantitative  comparison 


Fig.  4.  Cat:  Brain  pithed.  Balloon  record  from  jejunum:  carotid  blood- 
pressure.  Effect  of  2  mgms.  Cytisine  intravenously.  (Note  the  initial  inhibitor 
effect  on  the  rate  of  the  heart-beat.) 


was  not  made  in  this  instance.  In  the  rabbit,  the  effect  of  Cyti- 
sine on  the  bowel,  again  like  that  of  nicotine,  is  predominantly 
motor.  Intravenous  injection  of  2  mgm.  into  the  jugular  vein 
of  a  small  rabbit,  with  pithed  brain,  caused  a  pronounced  writhing 
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peristalsis  of  the  whole  of  the  small  and  large  intestines,  including 
the  caecum. 

By  recording  the  longitudinal  contractions  of  an  isolated  loop 
of  rabbit's  jejunum  we  observed,  however,  a  distinct  quantitative 
difference  in  the  action  of  the  two  alkaloids.  Two  milligrammes  of 
Cytisine  added  to  the  bath  of  250  cc.  Ringer's  solution,  caused 
momentary  inhibition  of  pendulum  movement,  followed  by 
increase  of  tonus  and  rhythm,  which  after  about  30  seconds  was 
succeeded  by  weak  inhibition  of  both  (fig.  5).  On  changing  the 
Ringer's  solution,  the  tonus  and  rhythm  were  slowly  recovered. 
Two  milligrammes  of  nicotine  were  then  added,  and  caused,  after 
a  slight  transient  inhibition,  a  very  much  larger  and  more  persist- 
ent tonic-contraction,  also  succeeded  by  an  inhibitor  phase  (fig.  6). 
After  recovery  from  this,  in  clean  Ringer's  solution,  a  further  dose 
of  5  mgms.  of  Cytisine  caused  but  weak  motor  and  inhibitor  effects, 
much  weaker  than  those  produced  by  a  subsequent  2  mgms.  of 
nicotine.  Cystine,  therefore,  is  much  weaker  than  nicotine  in 
motor  action  on  the  rabbit's  intestine. 

We  shall  see  that  the  same  is  true  of  the  motor  effects  of  the 
two  alkaloids  on  the  cat's  bladder. 

Salivary  glands.  Sahvation  has  been  mentioned  by  several 
observers  as  a  prominent  symptom  of  poisoning  by  Cytisine  in 
the  cat  and  dog.  The  fact  that  vomiting  is  also  one  of  its  most 
constant  effects  suggests  the  probability  that  the  salivation  may 
be  largely  reflex,  or  at  any  rate  central  in  origin.  It  is  not,  how- 
ever, wholly  so,  since  Cytisine  again  resembles  nicotine  in  produc- 
ing some  flow  of  saliva  in  the  anaesthetised  dog  or  cat  after  sec- 
tion of  the  chorda  tympani.  Unless  the  first  dose  is  very  small, 
subsequent  injections  produce  Httle  or  no  flow. 

The  effect  of  the  first  small  dose  of  nicotine  or  Cytisine  depresses 
to  such  an  extent  the  effect  of  subsequent  similarly  small  doses 
of  either  alkaloid  on  the  salivary  flow,  that  we  found  it  impossible 
to  estabhsh  a  comparison  between  their  activities  in  this  direc- 
tion. 

We  found  the  effects  of  chorda  stimulation  in  the  dog  only 
slightly  reduced  after  intravenous  injections  amounting  to  3 mgms. 
After  18  mgms.  in  all  the  immediate  effect  of  stimulation  was  very 
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slight.  The  ganglion-cells,  however,  were  not  completely  para- 
lysed; for  not  only  was  a  slight  secretion  produced  during  the 
stimulation,  but  after  the  stimulation  was  stopped,  secretion  con- 
tinued for  some  time  and  at  a  considerably  greater  rate.  Renewal 
of  chorda  stimulation  during  this  after-period  promptly  reduced 
the  rate,  which  again  became  accelerated  as  soon  as  the  stimula- 
tion was  stopped.  The  reversed  action  when  once  obtained  could 
apparently  be  repeated  indefinitely,  though  the  effect  of  the  Cyti- 
sine  would  doubtless  have  passed  off  in  time  if  the  experiment  had 
been  continued  long  enough.  If  a  prolonged  stimulation  were 
given  the  flow  became  gradually  accelerated  during  its  progress, 
but  there  was  a  further  and  more  sudden  acceleration  when  the 
stimulation  ceased. 

A  similar  reversal  of  chorda  action  was  observed  in  the  cat 
with  smaller  doses  of  Cytisine. 

The  details  of  some  of  these  experiments  have  been  published 
elsewhere.  "^^  The  fact  that  the  secreto-motor  effect  of  the  chorda 
may  be  mainly  an  after  effect,  after  incompletely  paralytic  doses 
of  nicotine,  was  shown  by  Langley  in  1890.  ^^  The  inhibition  of 
the  delayed  secretion  by  restimulation  is  clearly  an  analogous 
phenomenon  to  the  reversed  vagus  effect  on  the  cat's  heart,  which 
we  described  as  occurring  after  nicotine,  tropine,  curare,  hordenine- 
methiodide,^*  and  now  after  Cytisine,  and  the  similarly  reversed 
effect  of  the  pelvic  nerve  on  the  cat's  bladder  after  curare  de- 
scribed by  Langley.^*  The  immediate  interest  of  the  matter  for 
us  is  the  addition  of  another  point  of  similarity  between  the 
action  of  Cytisine  and  that  of  nicotine. 

The  eye.  In  the  dog  and  cat  the  primary  effect  on  the  eye, 
of  an  injection  of  Cytisine,  like  that  of  nicotine,  is  similar  to  that 
of  stimulating  the  cervical  sympathetic — dilatation  of  the  pupil, 
retraction  of  the  nictitating  membrane  and  widening  of  the 
palpebral  fissure.  The  retraction  of  the  nictitating  membrane 
is  brief,  and  is  soon  succeeded  by  a  movement  forward,  so  that 
the  membrane,  after  several  milligrammes  of  the  alkaloid,  covers 

*7  Journ.  of  Phys.,  xi,  p.  123,  1890. 

i»  Journ.  of  Phys.,  xliii,  p.  196,  1911. 

"  Journ.  of  Phys.,  xl,  proc.  Phys.  Soc,  p.  Ixii,  1910.     Also  xliii,  p.  125,  1911. 
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one-half  to  two-thirds  of  the  visible  portion  of  the  eyeball. 
With  doses  up  to  10  mgms.  in  the  cat  the  pupils  remain  large. 
In  the  rabbit,  on  which  we  only  made  one  experiment,  and  that 
on  the  intact  unanesthetised  animal,  2  to  5  mgms.  by  the  ear- 
vein  caused  constriction  of  the  pupil  and  retraction  of  the  nic- 
titating membrane.  In  a  dog,  which  received  30  mgms.  hypo- 
dermically,  the  pupils  dilated  and  the  nictitating  membranes 
gradually  became  greatly  prolapsed,  so  that  the  eyes  must  be 
rotated  upwards  and  outwards  to  permit  vision.  In  all  these 
respects  the  action  is  again  closely  parallel  to  that  of  nicotine. 
So  also  is  the  paralytic  effect  on  the  cells  of  the  superior  cervical 
ganglion.  Application  of  1  per  cent  Cytisine  to  the  superior  cervi- 
cal ganglion  of  a  cat  under  ether  caused  a  brief  effect  of  sym- 
pathetic stimulation  on  the  eye  followed  by  complete  paralysis 
of  the  cervical  sympathetic  nerve  to  electrical  stimulation  up  to 
the  ganglion.  Stimulation  of  the  branches  from  the  ganglion 
to  the  internal  carotid  produced  the  normal  effect.  The  same 
effect,  as  the  result  of  intravenous  injections,  is  shown  in  the 
following  record,  which  illustrates  incidentally  other  features  of 
the  action  of  the  alkaloid. 

Cat. 

11.10  a.m.  Chloroform.  Then  A.  C.  E.  throughout.  Tracheotomy. 
Cannula  in  femoral  vein,  by  which  all  injections  were 
made. 

11.30  a.m.  Pupils  medium:  nictitating  membrane  partly  forward. 
1  mgm.  Cytisine.  Widening  of  pupil  and  retraction  of 
memb.  nict.  The  latter  then  moved  forward  with 
continued  widening  of  the  pupil.  A  few  deep  respira- 
tions: then  normal  again. 

11.35  a.m.  Pupils  nearly  maximal:  memb.  nict.  three-quarters  pro- 
lapsed. 

11.37  a.m.  Two  milligrams.  A  very  few  deep  respirations.  Then 
vomiting  movements  during  which  respiration  ceases. 
After  a  short  period  of  artificial  respiration  it  is  resumed 
normally.  Heart-beat  very  slow.  Right  cervical  sym- 
pathetic cut  and  isolated  for  stimulation. 
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11.52  a.m.  Cat  having  artificial  respiration  with  A.  C.  E.  Pupil 
practically  maximal.  Stimulate  cervical  sympathetic 
with  coil  at  20  cm.  Good  retraction  of  nictitating  mem- 
brane. 

11.54  a.m.     Five  milligrams  Cytisine.     Memb.  nict.  retracts  slightly 

and  then  returns.  Pupils  maximal.  Slight  tremors 
of  paws. 

11.55  a.m.     Stimulate  cervical  sympathetic  with  coil  at  20  and  15  cm. 

No  effect.  With  coil  at  10  cm.  trace  of  retraction  -of 
memb.  nict. 

11.57  a.m.     Stimulate  sciatic  (coil  at  10  cm.) — feeble  twitches  of  foot. 

11.58  a.m.     Stimulate  cervical  sympathetic  (coil  at  15  cm.) — memb. 

nict.  retracts  very  slightly  and  then  returns  during 
stimulation,  retracting  again  on  cessation  of  stimulus. 
Repeated  with .  identical  effect. 

12.2     p.m.     Five  milligrams  Cytisine.  * 

12.4  p.m.  Stimulate  sciatic,  coil  at  10  cm.  No  effect.  Same  stim- 
ulus directly  to  thigh  muscles — normal  contraction. 

12.6  p.m.  Stimulate  cervical  sympathetic,  coil  at  10  cm. — very  weak 
and  slow  retraction  of  memb.  nict.  Repeat — no  effect. 
Isolate  branches  from  ganglion  to  internal  carotid  and 
stimulate  with  coil  at  20  cm. — normal  retraction  of 
nictitating  membrane. 

Cytisine,  therefore,  like  nicotine,  produces  its  stimulant  effects 
when  directly  applied  to  the  ganglion-cells  which  it  ultimately 
paralyses.  On  the  other  hand  we  find  that  its  dilator  action  on 
the  pupil,  at  any  rate,  is,  again  like  that  of  nicotine,  not  wholly 
due  to  action  on  the  superior  cervical  ganglion,  since  the  pupil 
still  dilates  when  Cytisine  is  injected  intravenously  after  the  gan- 
glion has  been  removed. 

The  uterus.  We  have  experimented  with  Cytisine  on  the  uterus 
of  the  cat  only.  In  this  animal,  as  might  be  expected,  the  action 
of  Cytisine  changes  like  that  of  the  sympathetic  nerve  supply  and 
of  adrenine  or  nicotine,  being  inhibitor  in  the  virgin  organ,  motor 
in  the  pregnant,  when  the  uterus  is  in  its  natural  relations  and 
the  alkaloid  administered  intravenously.  Like  nicotine,  Cytisine 
in  small  doses  has  practically  no  effect  on  the  cat's  uterus  isolated 
from  the  body. 
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The  urinary  bladder.  We  have  examined  the  effect  on  the 
cat's  bladder.  In  all  our  experiments  on  this  organ  the  central 
nervous  system  of  the  cat  was  destroyed  completely  by  pithing. 
This  excluded  indirect  effects  from  stimulation  of  centres  in  the 
cord;  but  the  bladder  under  these  conditions  having  but  little 
initial  tone,  the  effect  obtained  was  only  that  on  the  motor  ganglia 
connected  with  the  pelvic  nerves.  Probably,  as  in  the  case  of 
nicotine,  a  secondary  inhibition  from  the  sympathetic  ganglia 
could  be  demonstrated  under  more  favorable  conditions  of 
initial  tonus.  Our  main  object  was  to  compare  the  extent  of 
the  main  motor  effect  produced  by  Cytisine  with  that  produced 
by  an  equal  dose  of  nicotine.  The  comparison  reveals  a  curious 
contrast.  When  small  alternating  doses  of  the  two  alkaloids 
are  given  at  regular  intervals,  the  contractions  of  the  bladder 
produced  by  Cytisine  are  found  to  be  regularly  much  less  than 
those  produced  by  nicotine,  whereas  Cytisine,  as  mentioned  above, 
regularly  produces  a  quicker  and  greater  rise  of  blood-pressure 
(see  figs.  1  and  2). 

III.    SUMMARY   AND    DISCUSSION 

The  results  of  this  investigation  may  be  roughly  summarised 
in  the  statement  that,  in  nearly  every  respect,  the  action  of  Cytisine 
is  qualitatively  indistinguishable  from  that  of  nicotine.  Such 
small  points  of  difference  as  its  failure  to  produce  the  character- 
istic twitching  of  the  ears  in  the  cat  have  possibly  a  diagnostic, 
but  at  present  no  great  theoretical  importance.  We  have  indi- 
cated certain  quantitative  differences  in  the  action  of  the  two 
alkaloids,  such  as  the  more  powerful  pressor  action  of  Cytis'ne 
in  the  cat,  and  its  less  powerful  action  on  the  rabbit's  intestine 
and  the  cat's  bladder.  In  one  case  in  which  we  compared  the 
two,  nicotine  produced  a  more  marked  primary  inhibition  (vagus) 
effect  on  the  cat's  heart  than  Cytisine.  The  fact  that  both  alka- 
loids paralyse  ganglia  in  succession  to  their  stimulation  makes 
it  useless  to  attempt  to  give  numerical  expression  to  their  relative 
stimulant  activities  on  any  particular  organ.  We  have  contented 
ourselves,  therefore,  with  this  mere  indication  of  the  order  of 
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their  activities  in  these  few  instances.  Still  more  difficult  would 
be  a  comparison  of  their  potency  in  producing  secondary  paralysis 
of  gangha,  since,  for  obvious  reasons,  the  two  cannot  be  compared 
in  this  respect  on  the  same  animal.  As  far  as  individual  differ- 
ences permit  us  to  judge,  we  should  say  that  their  activities  in 
this  direction  on  the  cat  and  dog  are  of  the  same  order.  The 
affinity  of  the  action  of  Cyiisine  with  that  of  nicotine  is  further 
shown  in  the  production  of  a  reversed  action  of  certain  autonomic 
nerves  under  the  influence  of  incompletely  paralytic  doses,  such 
as  has  previously  been  demonstrated  with  nicotine,  curare  and 
other  alkaloids  of  the  same  group. 

One  of  us  has  previously  shown  the  resemblance  of  the  action 
of  hordenine-methiodide^o  to  that  of  nicotine,  with  which  it  has 
no  obvious  points  of  chemical  similarity.^  The  similarity  with 
nicotine  in  action  is  very  much  closer,  however,  in  the  case  of 
Cytisine :  so  close.  Indeed,  that  we  doubt  whether  any  instance 
of  such  exact  paralleUsm  is  known  to  exist  in  the  case  of  substances 
which  are  not  close  chemical  relatives,  except  in  the  case  of  the 
apparently  still  closer  resemblance  in  action  to  nicotine  exhibited 
by  Lobeline.  At  present  but  httle  is  known  of  the  constitution 
of  Cj^tisine,  though  there  are  indications  that  its  structure  in  some 
points  resembles  that  of  nicotine.  An  exact  knowledge  of  its 
structure  may  give  interest  to  the  small  points  of  difference 
between  the  two  actions  as  well  as  to  their  general  similarity. 

On  the  basis  of  less  complete  pharmacological  investigations 
certain  therapeutic  uses  have  been  suggested  and  tried  for  Cyti- 
sine. Thus  Radziwillowicz  tried  it  in  cases  of  migraine  with  low 
blood-pressure,  and  Bradford  tried  ulexine  as  a  diuretic.  Our 
experiments  lend  no  support  to  the  suggestion  of  its  being  ther- 
apeutically valuable.  For  physiological  investigations  it  could 
be  used  in  place  of  nicotine,  and  would  have  certain  advantages 
in  its  easy  preparation,  with  large  yield,  from  the  readily  and 
cheaply  obtainable  Laburnum  seeds;  in  the  ease  with  which  it 
can  be  purified — the  alkaloid  itself  crystalhses  well  and  can  be 
distilled  under  reduced  pressure;  and  in  its  comparatively  great 
stabiUty. 

'°  Barger  and  Dale:    Journ  of  Phys.,  xli,  p.  35,  1910. 
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It  is  conceivable  that  allergic  (1)  phertDmena  might  be  influ- 
enced in  various  ways.  For  instance,  the  biological  reactions 
leading  to  a  production  of  toxines  might  take  their  course  while 
one  or  more  of  the  effects  of  these  toxines  may  be  coimteracted 
or  the  toxines  may  be  neutralized  or  destroyed.  Furthermore, 
the  course  of  the  biological  reactions,  as  for  instance,  the  union 
of  allergen  with  ergin,  resulting  in  the  production  of  toxines, 
might  be  influenced,  inhibiting  or  increasing  the  production  of 
these  toxins.  Other  influences  might  be  directed  toward  the 
removal  of  ergins  already  formed,  or  the  production  of  ergins 
might  be  inhibited  or  furthered. 

The  question  arises  whether  it  is  possible  to  influence  allergic 
reactions  by  means  of  chemical  substances  of  known  composition 
foreign  to  the  organism.  Aside  from  the  self-evident,  ultimate, 
clinical  value  of  such  studies,  they  may  serve  to  elucidate  differ- 
ent problems  of  allergy.  For  instance,  as  the  study  of  specific 
accelerators  and  inhibitors  has  been  of  great  value  in  the  study 
of  ferments,  so  the  influence  of  drugs  on  allergic  reactions  may 
aid  in  the  solution  of  such  problems  as  the  relationship  of  local- 
ized to  general  allergic  reactions. 

Of  previous  investigations  concerning  the  influence  of  chemical 
substances  on  allergic  phenomena  we  may  cite  the  effect  of 
atropin  on  the  anaphylactic  shock  in  guinea-pigs  (2).  Here  the 
drug  apparently  does  not  interfere  with  the  reactions  resulting 
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in  the  production  of  toxines,  but  it  counteracts  an  effect  of  the 
toxine,  preventing  the  bronchial  spasms.  Similarly  it  is  not 
unlikely  that  the  effect  of  barium  chloride  (24)  preventing  and 
counteracting  the  anaphylactic  fall  of  blood  pressure  in  dogs  is 
not  attributable  to  an  influence  on  the  mechanism  of  the  allergic 
reaction.  The  mode  of  action  of  chloralhydrate  (3)  in  the  pre- 
vention of  anaphylactic  shock  in  guinea-pigs  is  less  clear.  The 
fact  that  guinea-pigs  protected  against  the  shock  by  this  drug 
do  not  become  antianaphylactic  indicates  that  it  influences  the 
mechanism  of  the  allergic  reactions.  Again,  another  mode  of 
action  is  signified  in  the  experiments  of  Hektoen  (4)  where  sodium- 
iodoxybenzoate  increased  the  production  of  haemolytic  antibodies 
in  the  dog.  Here  belong  the  investigations  of  Agazzi  (5)  with 
regard  to  the  stimulation  of  the  production  of  agglutinins  by 
arsenic  preparations  and  those  of  Madsen  and  Tallquist  (6)  con- 
cerning the  influence  of  pyrodin  and  pyrogallol  on  the  production 
of  lytic  antibodies.  Friedberger  and  Hartoch  (7)  prevented  the 
anaphylactic  symptoms  in  actively  and  passively  sensitized  ani- 
mals by  previous  administration  of  a  concentrated  sodium  chlor- 
ide solution.  Friedberger  in  conjunction  with  Vallardi,  Nathan, 
(8),  and  others  has  shown  that  the  anaphylactic  symptoms  are 
due  to  the  formation  of  an  anaphylatoxin,  for  the  production 
of  which  complement  is  necessary.  The  influence  of  the  sodium 
chloride  is  attributed  to  an  interference  with  the  action  of  the 
complement. 

In  our  investigations  we  used  mainly  the  intracutaneous 
reaction  of  rabbits  sensitized  to  horse  serum,  in  a  like  manner  as 
Knox,  Moss  and  Brown  (9) .  This  reaction  is  known  as  the  phe- 
nomenon of  Arthus  (10)  although  Arthus  worked  with  subcu- 
taneous, not  intracutaneous,  injections. 

A  rabbit  sensitized  to  horse  serum  responds  to  an  injection 
of  a  small  amount  of  horse  serum  into  its  epidermis  with  a  local 
reaction  at  the  place  of  injection.  This  reaction  consists  of  a 
swelling  mostly  accompanied  sooner  or  later  with  reddening  and 
heat.  Frequently  more  or  less  pronounced  haemorrhages  occur 
and  occasionally  the  center  of  the  reaction  becomes  necrotic, 
even  when  using  diluted  serum. 
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It  was  found  desirable  to  find  some  convenient  expression  for 
the  intensity  of  the  reaction.  For  this  purpose  we  measured 
the  area  of  the  swelling,  marking  its  borders  as  accurately  as  pos- 
sible by  the  aid  of  palpation  and  measuring  it  in  two  diameters, 
taking  the  average  of  these  two  measurements  as  the  diameter  of 
the  reaction.  The  measurements  are  given  in  millimeters.  Fre- 
quently the  measurements  can  be  made  very  accurately,  the 
swelling  being  very  sharply  defined.  But  this  is  by  no  means 
always  the  case  and  the  measurements  become  the  less  accurate 
the  more  gradual  the  transition  of  the  swelling  to  normal  skin. 
We  wish  to  state  that  our  measurements  do  not  lay  claim  to  math- 
ematical accuracy.  The  decimals  of  our  tables  are  the  result  of 
making  averages,  the  actual  measurements  were  not  made  to 
fractions  of  a  millimeter.  As  a  rule  the  size  of  a  reaction  corre- 
sponds well  with  the  degree  of  infiltration.  But  here  again  ex- 
ceptions are  not  too  infrequent.  So  it  may  occur  that  a  reaction 
may  cover  a  rather  extensive  area  while  the  swelling  is  much  less 
pronounced  than  that  of  another  reaction  decidedly  smaller  in 
size,  leaving  no  doubt  that  the  reaction  covering  a  smaller  area 
is  really  more  intense.  Furthermore,  the  infiltration  may  not  be 
uniform  and  its  shape  irregular.  All  the  factors  mentioned  have 
to  be  taken  into  consideration  before  arriving  at  a  decision  with 
regard  to  the  intensity  of  a  reaction.  Nevertheless,  on  the  whole 
the  measurements  of  the  infiltrated  areas  give  a  fair  representa- 
tion of  the  intensity  of  the  reactions,  particularly  the  averages 
taken  from  several  animals. 

It  was  necessary  to  gain  some  information  with  regard  to  the 
variations  of  the  intensity  of  the  reactions  at  repeated  injections 
in  the  same  animal.  The  rabbits  were  sensitized  by  giving  two 
intravenous  injections  of  1.0  cc.  horse  serum  followed  by  repeated 
intracutaneous  injections  of  0.01  to  0.04  cc.  This  method  of 
sensitization  had  proved  successful  with  regard  to  the  intracutan- 
eous reaction  in  experiments  of  Moss  and  Brown  (11).  These 
intracutaneous  injections  were  given  in  diiferent  places  of  the 
shaved  abdomen,  keeping  in  mind  the  result  of  von  Pirquet  (12), 
who  showed  that  in  the  case  of  the  cutaneous  tuberculin  reaction 
there  exists  a  difference  between  reactions  obtained  in  places  not 
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used  hitherto  and  those  where  the  tuberculin  had  been  applied 
previously.  All  of  the  measurements  were  obtained  from  reac- 
tions on  the  abdomen.  A  number  of  experiments  were  made, 
giving  the  injections  in  the  skin  of  the  shaved  ear.  If  the  reac- 
tions do  not  exceed  a  certain  limit,  they  can  be  traced  here  very 
prettily  and  accurately,  particularly  in  transparent  light.  But 
the  reactions  in  the  ear  may  readily  become  too  extensive  and 
then  they  cannot  be  measured. 

In  the  following  table  the  results  of  repeated  injections  in  an 
animal  are  recorded  with  the  date  of  the  experiments.  In  all 
cases  the  serum  was  diluted  by  adding  four  parts  of  0.8  per  cent 
sodium  chloride  solution  to  one  part  of  serum.  According  to  the 
intensity  of  previous  reactions  0.05  or  0.1  cc.  of  this  diluted  serum 
was  injected  as  indicated  in  the  table.  The  reactions  were  meas- 
ured 2,  4,  6,  8  and  24  hours  after  the  injection,  and  a  few  times 
also  after  10  hours.  The  side  of  the  injection  is  noted  also,  R 
meaning  that  the  injection  was  placed  to  the  right  of  the  median 
line,  L,  to  the  left. 

The  table  shows  that  quite  considerable  differences  may  exist 
in  the  intensity  of  the  reactions  in  the  same  animal  at  different 
times  and,  furthermore,  in  some  cases  it  seems  that  one  side  may 
react  more  intensely  than  the  other.  For  instance,  in  No.  1 
the  reactions  on  the  right  side  were  more  extensive  than  those 
on  the  left.  It  is  hardly  feasible  to  give  all  our  protocols  in  de- 
tail. But  the  notes  taken  in  No.  1  illustrate  that  other  factors 
besides  the  size  of  the  infiltration  may  have  to  be  taken  in  con- 
sideration under  certain  circumstances  in  comparing  the  intensity 
of  two  reactions.  On  February  27  the  reaction  on  the  left  is 
described  as  very  sharply  defined,  much  elevated  and  firmly  in- 
durated, while  on  March  11  the  larger  reaction  on  the  right  side 
is  characterized  as  fairly  sharply  defined  with  a  rather  diffuse 
swelling  decidedly  less  elevated  and  less  firmly  indurated  than 
that  of  February  27.  The  difference  of  intensity,  therefore,  be- 
tween these  two  reactions  is  really  not  as  marked  as  the  measure- 
ments seem  to  indicate.  Nevertheless,  certain  variations  in  the 
intensity  of  the  reactions  are  observed  at  repeated  injections 
in  the  same  animal,  a  fact  which  is  not  surprising.     This  means 
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TABLE  I 
No.  1.    0.05  cc. 


.^- 

HOTJBS       :       HOUBS 

Eiaar 

HOUB8 

TXNHOUBS 

TWBNTT- 
FOUB 
HOUB8 

February   15,  R 

February   18,  L 

February   22,  R 

February   27,  L 

March         11,  R 

March        15,  L 

20.0          25.0          30.5 
17.0      ;    20.5          20.0 
20.5      ;    31.5      i    31.5 
18.5          19.5          21.5 
20.0      '    36.5          37.0 
17.3          23.0      :    22.0 

30.5 
20.0 
27.5 
20.5 
39.5 
23.0 

30.5 

37.0 

26.0 

21.5 
22.5 
34.0 
23.0 

No.  2.    0.05  cc. 


February  15,  R. 

February  18,  L. 

February  22.  R. 

February  27,  L. 

March  11,  R. 

March  15,  L. 

February  15,  R. 

February  18,  L. 

February  22,  R. 

February  27,  L. 

March  11,  R. 


21.0 

26.5 

25.5 

25.0 

18.5 

20.0 

21.0 

27.5 

16.0 

24.5 

26.5 

22.0 

13.5 

24.0 

24.0 

21.0 

1 

16.5 

20.5 

22.0 

20.5 

18.0      ' 

19.5 

19.5 

19.5 

19.5 

i 

17.0 
19.0 
15.0 
20.0 
13.5 
0.0 


No.  S.    0.05  cc. 


31.0 

31.5 

35.5 

35.5 

28.5 

21.5 

26.5 

27.0 

23.5 

23.0 

31.0 

36.5 

36.5 

16.5 

24.0 

24.0 

23.5 

21.0 

38.0 

38.0 

38.0 

34.0 

24.0 
31.0 
14.5 
18.5 
killed; 
very  sick 


No.  4-    February  21.    0.05  cc.,  later  0.1  cc. 


February  27,  L. 

March  11,  R. 

March  15,  L. 

March  23,  R. 


18.5 

19.5 

19.5 

24.5 

22.5 

22.0 

15.5 

23.5 

! 

21.5 
29.5 
23.0 
25.0 


20.5 
29.5 
24.0 
20.5 


29.5 


22.5 
27.5 
23.0 
18.5 


No.  5.    0.05  cc. 


February 

February 

February 

February 

March 

March 


15,  R. 
18,  L. 
22,  R. 
27,  R. 
11,  R. 
15,  L. 


25.5 

26.0 

26.5 

26.5 

26.5 

20.5 

25.0 

27.0 

29.0 

20.5 

26.5 

28.0 

27.0 

15.0 

22.0 

22.0 

20.5 

22.0 

27.5 

27.5 

27.5 

27.5 

16.0 

20.5 

21.5 

21.5 

25.0 
28.5 
19.5 
18.5 
25.0 
19.5 
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TABLE  I— Continued 
No.  7.     February  15  to  March  2S,  0.06.    March  28,  0.1  cc. 


TWO 
HOURS 

FOUR 
HOURS 

SIX  HOURS 

EIGHT 
HOURS 

TEN  HOURS 

TWENTY- 
FOUR 
HOURS 

February    15,  R 

February    18,  L 

February  22,  R 

February   27,  L 

March         11,  R 

March         15,  L 

March        23,  R 

March        28,  L 

19.0 
17.0 
18.0 
16.0 
17.0 
20.5 
15.5 
19.0 

20.5 
27.5 
20.0 
19.5 
23.5 
15.5 
21.0 

22.5 
23.0 
27.5 
22.5 
17.5 
23.5 
17.0 
25.5 

23.0 
24.5 
25.5 
22.5 
17.5 
23.5 
15.5 
27.0 

23.0 

+ 

17.5 
20.5 

+ 
17.5 

+ 
17.5 
13.5. 
20.0 

No.  8.    0.05  cc. 


February  15.  R. 

February  18.  L. 

February  22,  R. 

February  27,  L. 

March  11,  L. 

March  15,  L. 


24.0 

28.5 

29.5 

28.5 

28.5 

19.0 

24.5 

25.0 

27.0 

19.0 

27.0 

27.0 

23.5 

15.5 

21.5 

25.0 

25.0 

15.5 

22.0 

22.0 

22.0 

22.0 

18.5 

22.5 

26.0 

26.0 

25.0 
28.5 
22.5 
20.0 
22.0 
20.0 


No.  9.    0.1  cc. 


March  11,  R. 
March  15,  L. 
March        23,  R. 


21.0 
26.0 
20.0 


28.5 
27.0 
27.5 


28.5 
28.0 
29.5 


29.5 
28.5 
29.5 


29.5 


28.0 
25.5 


No.  12.     February  15  to  March  23.    0.05  cc,  March  28.  0.1  cc. 


February  15,  R. 

February  18,  L. 

February  22,  R. 

February  27,  L. 

March  11,  R. 

March  15,  L. 

March  23,  R. 

March  28,  L. 


12.5 

17.5 

19.5 

20.0 

20.0 

13.5 

18.0 

23.0 

25.0 

18.0 

19.5 

22.0 

24.5 

13.0 

16.3 

19.0 

19.5 

12.5 

16.0 

19.5 

19.5 

19.0 

19.0 

20.5 

21.5 

21.5 

14.0 

15.5 

19.5 

19.5 

22.5 

26.0 

28.5 

31.0 

19.0 
21.0 
18.0 
20.0 
14.0 
16.5 
16.5 
26.0 


No.  17.    0.05  cc. 


February   15,  R 

Pronounced  haemorrhage. 

Diffuse  slight  swelling. 

February    18,  L 

16.0 

24.0 

24.5 

25.0 

22.5 

February  23,  R 

18.0 

27.5 

27.0 

24.0 

19.0 

February   27,  L 

22.5 

28.0 

28.0 

28.5 

19.5 

March         11,  R 

18.0 

22.5 

23.5 

23.5 

23.5 

22.5 

March         15,  L 

+ 

26.0 

26.5 

27.5 

22.5 
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TABLE  I— Continued 
No.  19.     0.1  cc. 

TWO          1        FOUB 
HOUBS      1       HOUB8 

1 

SIX  HOUBS 

EIGHT 
HOUBS 

TEN  HOUBS 

TWBNTT- 
FOUB 
HOUBS 

March 
March 
March 

11,  R 

15,  L 

23,  R 

16.5 
27.5 
18.0 

19.0 
27.0 
23.5 

19.0 
28.5 
24.5 

17.0 

28.5 
18.5 

17.0 

16.5 

23.5 
16.5 

that  the  differences  of  the  reactions  must  be  striking  in  order  to 
estabUsh  an  influence  of  various  procedures  like  the  administra- 
tion of  a  drug. 

As  a  rule  the  reactions  reach  their  maximal  development  within 
six  to  eight  hours  after  the  injection.  After  this  time  a  retro- 
gression sets  in  in  most  cases.  This  retrogression  is  more  marked 
with  regard  to  the  degree  of  infiltration  than  to  the  size,  so  that 
the  measurements  after  twenty-four  hours  are  less  representative 
than  at  the  earlier  stages.  In  some  cases  there  is  no  appreciable 
retrogression  in  size  nor  degree  of  infiltration  within  twenty-four 
hours  and  in  rare  instances  the  intensity  of  a  reaction  increases 
after  eight  hours.  Such  occurrences  are  not  constant  in  a  given 
animal.  Certain  features  of  a  reaction,  on  the  other  hand,  may 
be  rather  characteristic  for  a  certain  animal.  So,  for  instance, 
the  reactions  of  No.  17  throughout  the  experiments  were  associ- 
ated with  pronounced  haemorrhages. 

Rabbit  No.  3  had  lost  considerable  weight  during  the  period 
of  observation.  On  the  day  of  the  last  experiment  it  had  taken 
its  food  well  and  did  not  show  any  untoward  symptoms.  The 
next  morning  it  was  found  in  its  cage  with  very  labored  breathing 
and  it  had  violent  convulsions.  The  animal  was  killed  with  chlo- 
roform. The  injection  made  within  twenty-four  hours  before 
the  onset  of  these  severe  symptoms  was  followed  by  a  reaction 
certainly  not  less  in  intensity  than  the  preceding  ones.  We  shall 
have  occasion  to  return  to  this  observation. 
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THE  INFLUENCE  OF  DILUTIONS  OF  THE  SERUM  ON  THE  INTENSITY 
OF   THE   INTRACUTANEOUS   REACTION 

A  number  of  experiments  was  undertaken,  using  different 
dilutions  of  serum.  These  experiments  brought  uniform  results, 
which  shall  be  illustrated  by  a  few  examples.  For  instance,  Nos. 
1,  2,  17,  and  19,  having  been  used  in  the  meantime  for  a  number 
of  other  experiments,  received  on  June  30  0.1  cc.  serum  in  the  usual 
dilution  of  1  :  5  simultaneously  on  the  right  and  left  side  of  the 
abdomen,  and  on  July  7  0.1  cc.  undiluted  serum.  The  results 
are  recorded  in  the  following  table: 


TABLE  II 

TWO  HOURS 

FOUR  HOURS 

SIX  HOURS 

TWENTY-FOUR 
HOURS 

/June  30 

14.5 
19.5 
15.0 
24.0 
14.5 
18.5 
14.8 
17.3 

16,5 

22.8 
17.5 
Running  to 
18.0 
28.8 
15.3 
22.8 

18.5 
25.5 
17.5 
gether 

21.8 
29.5 
15.3 

27.5 

18  3 

(july     7 

30.3 

n  j  June  30 

0  0 

\july     7 

-•J  /June  30 

21.8 

\july     7       

30  5 

1 Q  /  June  30 

0.0 

^^\july     7 

29.5 

The  measurements  represent  the  average  of  the  simultaneous 
reactions  on  the  right  and  left  side  of  the  abdomen.  This  method, 
giving  the  injection  simultaneously  on  both  sides,  was  employed 
frequently  in  experiments  to  be  recorded  later,  where  the  controls 
will  be  considered.  In  No.  2  the  reactions  were  running  together, 
therefore  the  measurements  are  not  given.  It  is  to  be  remarked 
that  these  animals  had  been  used  previously  for  a  number  of 
different  experiments  and  that  the  intensity  of  the  reactions  had 
gradually  diminished. 

Rabbits  Nos.  22,  30,  32,  34,  35,  and  37  received  July  7  on  the 
right  side  of  the  abdomen  an  injection  of  0.1  cc.  serum  diluted 
1  :  10  and  on  the  left  0.1  cc.  serum  diluted  1  :  66.6.  Table  III 
shows  the  result. 

The  size  of  the  reactions  in  tables  II  and  III  represents  very 
well  the  intensity  of  the  reactions,  for  in  every  instance  the  smaller 
size  was  associated  with  a  lesser  degree  of  infiltration. 


INFLUENCE  OF  DRUGS  ON  AN  ALLERGIC  REACTION 


231 


TABLE  III 
July  7 


TWO  HODBS 


22  {R 
-{I 


20.5 
15.5 
20.5 
13.5 
19.0 
13.0 
19.0 
12.0 
17.0 
11.5 
20.0 
13.5 


FOUB  HOtTBS 


26.0 
16.5 
25.0 
18.0 
20.5 
15.0 
25.0 
14.0 
21.5 
13.0 
24.0 
17.0 


BIX  HOXJBS 


27.0 
16.5 
29.0 
18.0 
22.5 
16.5 
26.5 
14.5 
23.0 
14.0 
25.5 
18.0 


TWKNTT-FOUB 
HOtTBS 


20.0 

0.0 
27.0 

0.0 
19.0 
12.0 
25.0 
12.0 
22.0 
14.0 
26.5 
15.5 


Averages 

R 

19.3 
13.2        1 

23.7 
15.6 

25.6 
16.3 

23  3 

L 

8  9 

Tables  II  and  III  show  clearly  that  the  intensity  of  the  intra- 
cutaneous reaction  of  a  given  animal  is  dependent  on  the  amount 
of  serum  injected.  Curve  A,  based  on  the  average  measurements 
of  table  III,  gives  a  graphical  illustration  of  these  results.  The 
ordinates  of  this  curve  and  those  to  follow  later  represent  the 
measurements — that  is  the  intensity  of  the  reactions,  while  the 
time  after  the  injection  is  marked  on  the  abscissa.  A  close  anal- 
ogy exists  between  these  results  and  those  obtained  by  von  Pir- 
quet  (13)  with  the  ''early  reaction"  in  cow-pox  vaccination  and 
the  cutaneous  tubercuhn  reaction  (12),  as  well  as  with  those  of 
Amberg  (14)  with  the  cutaneous  trichophytin  reaction.  In  all 
these  cases  the  intensity  of  the  reaction  diminishes  with  the  dim- 
inution of  the  introduced  allergen.  A  number  of  experiments 
had  been  made  testing  the  effect  of  different  dilutions  of  serum, 
using  on  one  side  0.01  cc.  undiluted,  on  the  other  the  same  volume 
of  diluted  serum.  The  results  were  the  same  as  in  the  experi- 
ments just  reported.  In  one  series,  however,  comprising  a  set 
of  four  animals  (Nos.  2,  3,  5  and  12)  0.01  cc.  undiluted  serum  was 


232       SAMUEL  AMBERG  AND  J.  H.  MASON  KNOX,  JR. 

injected  on  one  side  of  the  abdomen  and  0.1  cc.  of  a  serum  diluted 
ten  times  with  saUne,  on  the  other.  That  is,  the  same  amount 
of  serum  was  given,  but  in  different  volume.  In  every  ease  the 
reactions  with  the  diluted  serum  were  quite  markedly  more  in- 
tense than  with  the  undiluted  serum.  We  did  not  follow  this 
factor  any  further.  The  results  indicate  the  possibility  of  an 
influence  of  the  concentration  of  the  allergen,  so  that  the  same 
amount  of  allergen  given  in  lesser  concentration  elicits  a  more 
intense  reaction.  It  is  possible  that  a  better  distribution  of  the 
allergen  enters  here  in  consideration.  We  took  cognizance  of 
this  possibility  throughout  our  work. 

THE    INFLUENCE    OF    INTRAVENOUS    INJECTIONS    OF    LARGE    DOSES 
OF   SERUM   ON   THE   INTRACUTANEOUS   REACTION 

The  influence  of  intravenous  injections  of  relatively  large  doses 
of  serum  on  the  intracutaneous  reaction  was  made  the  subject 
of  a  few  experiments.  It  is  known  that  a  guinea-pig  sensitized 
to  a  protein,  receiving  a  second  injection  of  this  protein  in  a  dose 
not  leading  to  death,  becomes  refractory  for  a  time  to  further 
injections  (15).  Moss  and  Brown  (11)  studying  the  effect  of 
larger  doses  of  horse  serum  on  the  intracutaneous  reaction  of 
rabbits  sensitized  to  horse  serum  found  a  diminution  or  even 
suppression  of  the  intracutaneous  reaction.  Our  experiments 
were  made  with  rabbits  Nos.  1,  2,  5,  8,  and  17.  These  animals 
received  intravenously  amounts  of  serum  indicated  in  table  IV, 
and  1|  to  2|  hours  later  an  intracutaneous  injection  of  0.05  cc. 
serum  diluted  1:5.  The  table  contains  the  averages  of  the  re- 
sults obtained  in  the  previous  experiments  recorded  in  table  I. 
Next  the  results  of  the  experiments  with  the  intravenous  injec- 
tions of  serum  are  given  to  which  are  joined  results  obtained  about 
one  week  later. 
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TABLE  IV 

No.l 


TWO 
HOUB8 


POUB 
HOUBS 


BIX 
HOUBS 


Average  of  1 

March  21,  6.0  cc.  serum. 
March  30 


18.9 

26.0 

11.0 

11.5 

15.0 

25.0 

No.  2 


Average  of  2 

March 21,  6.0 cc.  serum. 
March  30 


No.  5 


Average  of  5 

March  23, 5.0  cc.  serum. 
March  30 


19.9 
14.0 
15.0 


24.6 
16.5 
21.5 


25.4 
18.5 
24.5 


25.3 
18.5 
24.5 


22.7 
15.0 
17.0 


No.  8 


Average  of  8 

March  23,  6.0  cc.  serum. 
March  30 


No.  17 


Average  of  17 

March  23,  10.0  cc.  seriun. 
March  30 


18.6 

25.6 

25.9 

25.7 

12.5 

10.5 

9.0 

8.5 

16.0 

23.0 

23.0 

23.0 

21.2 

+ 
20.5 


•    The  results  of  table  IV  may  be  summarized  briefly,  calculating 
the  averages  of  all  the  animals  as  follows: 


TWO 
HOUBS 


FOUB 
HOUBS 


BIX 
HOUBS 


EIGHT 
HOUBS 


TWENTT- 
FOUB 
HOURS 


Before  administration  of  serum.        18.7 
After  administration  of  serum. .  i      13.4 


24.6 
15.0 


25.5 
15.1 


25.1 
13.7 


21.1 
7.9 


Curve  B  based  on  these  figures  depicts  the  result  graphically. 
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In  these  experiments  again  the  degree  of  infiltration  showed 
a  decided  diminution  with  the  diminution  of  the  reaction  area. 

It  is  evident  that  the  intravenous  injection  of  larger  doses  of 
serum  in  sensitized  animals  diminishes  the  intensity  of  the  in- 
tracutaneous reaction.  This  influence  is  not  lasting,  since  after 
an  interval  of  seven  to  nine  days  the  effect  is  lost.  Rabbits  Nos. 
2  and  17  did  not  show  any  symptoms  whatever  after  the  intraven- 
ous injection  of  the  serum.  No.  5  was  very  quiet  for  a  short  time. 
No.  1  was  very  listless  for  about  thirty  minutes  and  had  a  very 
rapid  respiration.  These  symptoms  then  subsided  rapidly  while 
in  the  course  of  the  day  a  few  diarrhoic  stools  were  passed.  No.  8 
showed  the  same  symptoms  though  less  pronounced.  It  was 
tried  to  obtain  about  0.05  cc.  blood  from  the  ear  vessels  of  Nos. 
1  and  8  before  and  after  the  administration  of  the  serum.  Before 
the  injection  there  was  no  difficulty,  but  after  the  injection  it  was 
impossible  to  obtain  the  small  amount  of  blood  required  for  some 
time  in  spite  of  application  of  heat  or  rubbing.  All  the  ear  ves- 
sels appeared  empty  (13).  The  same  difficulty  had  been  en- 
countered before  with  other  sensitized  rabbits  after  the  intraven- 
ous administration  of  large  doses  of  serum.  A  few  non-sen- 
sitized animals,  having  received  5  cc.  serum  intravenously,  did 
not  present  this  difficulty.  It  is  possible  that  the  behavior  noted 
is  connected  with  a  fall  of  pressure  in  the  general  circulation  ob- 
served on  intravenous  injections  of  allergen  iji  sensitized  animals, 
and  which  occurs  in  the  rabbit  also  (17). 

THE    INFLUENCE    OF    lODOXYBENZOIC,    lODBENZOIC    AND    BENZOIC 
ACID   AND   SODIUMCYANIDE   ON   THE   INTRACUTANEOUS 

REACTION 

A  series  of  animals,  Nos.  4,  7,  9, 12,  and  19,  received  in  the  ear 
vein  10  cc.  of  ^o  iodoxybenzoic  acid  in  the  form  of  its  sodium  salt 
in  a  carefully  neutralized  solution.  This  was  followed  immedi- 
ately by  an  intracutaneous  injection  of  0.1  cc.  serum  diluted 
1:5.  The  measurements  of  the  previous  reactions  are  given  in 
table  I.  In  table  V  the  average  of  .these  previous  measurements 
are  given  in  Nos.  4,  9,  and  19.     In  Nos.  7  and  12,  where  the  first 
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injections  had  been  made  with  0.05  cc.  diluted  serum,  the  measure- 
ments of  the  reactions  preceding  this  experiment,  when  0.1  cc. 
diluted  serum  had  been  used,  are  given.  One  or  two  days  after 
the  administration  of  iodoxybenzoic  acid  another  intracutaneous 
test  was  made  and  the  results  are  recorded  also. 


TABLE  V 
No.  A  . 


TWO 
HOT7BS 


I-OUB 
HOUBS 


SIX 
HOURS 


EIOHT 
HOUBS 


TWENTT- 

FOUB 
HOUBS 


Average  of  4  (March  11,  15,  23) . 
March  28,  Iodoxybenzoic  acid. . 
March  30 


19.2 
13.5 
20.0 


23.2 
12.5 
24.0 


25.8 

9.5 

25.5 


Average  of  9 

March  28,  Iodoxybenzoic  acid. 
March  30 


24.7 

+ 
25.5 


29.2 
11.0 


23.0 

0.0 

22.2 


No.  7 

March  28 

19.0 

0.0 

14.0 

21.0 

0.0 

19.5 

25.5 

0.0 

18.0 

27.0 

0.0 

18.0 

20.0 

April  3,  Iodoxybenzoic  acid 

April  4 

0.0 
16.5 

No.  9 

26.8 
8.0 


22.3  27.7      I    28.7 

8.5      I    11.0      j    11.0 
Moribund.  Four  hours  after  injection,   dead, 

reaction  negative. 


No.  12 

March  28 

22.5          26.0 
13.0          14.0 
12.0          17.5 

28.5 
14.5 
27.5 

31.0 
14.5 
27.5 

26.0 

April  3,  Iodoxybenzoic 
April  4 

acid 

22.5 
27.5 

No.  19 


Average  of  19 

March 28,  Iodoxybenzoic  acid. 
March  30 


20.7 
10.0 
18.5 


23.2 

8.0 

24.5 


'    24.0 

21.3 

8.0 

8.0 

j    25.0 

25.0 

18.8 
18.5 


Calculating  the  averages  from  this  series  we  have : 


TWO 
HOUBS 

FOtJB 
HOUBS 

, TWENTT- 

MX                  BIGHT 

HOUBS              HOUBS              ^^^^ 

\ 

Before  iodoxybenzoic  acid 

After  iodoxybenzoic  acid 

20.7 
9.0 

24.3 
9.1 

26.5          26.6          22.9 
8.6           6.7           6.1 
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Rabbit  No.  12  showed  a  peculiar  course  of  the  reactions  after 
the  administration  of  the  drug  on  April  3.  Eight  hours  after 
the  intracutaneous  injection  the  reaction  measured  14.5  mm., 
while  after  twenty-four  hours  on  April  4,  it  had  increased  to  22.5, 
with  a  decided  increase  in  the  degree  of  infiltration  and  redness. 
During  that  day  the  reaction  increased  further  in  intensity  meas- 
uring 25  mm.  gradually  diminishing  from  now  on.  The  morning 
of  April  4  another  intracutaneous  injection  had  been  given  and 
the  further  increase  of  the  first  reaction  on  that  day  is  perhaps 
referable  to  this  second  injection. 

The  experiments  with  iodoxybenzoic  acid  were  repeated  several 
times.  The  method  differed  from  that  used  in  this  series  in  as 
much  as  the  animals  received  each  time  the  intracutaneous  in- 
jection on  both  sides  of  the  abdomen  and  the  measurements 
represent  the  average  diameter.  The  possible  influence  of  varia- 
tions due  to  different  placing  of  the  injections  is  thereby  also 
eliminated.  This  factor,  though,  is  of  very  little  importance 
here  where  the  results  are  so  striking.  Table  VI  contains  the 
average  diameter  of  the  reactions  from  two  experiments  of  April 
11  and  19,  followed  by  the  figures  for  April  25,  when  iodoxybenzoic 
acid  had  been  administered  in  the  same  manner  and  strength 
as  before.  The  animals  serving  for  this  series  were  Nos.  1,  4,  5, 
7,8,  12,  17,  and  19. 

TABLE  VI 

No.l 


TWO 
HOURS 

FOUR 
HOURS 

SIX 
HOURS 

EIGHT 
HOURS 

TWENTY- 
FOUR 
HOURS 

Average  of  1  (April  11,  19) 

April  25,  Iodoxybenzoic  acid .... 

21.6 
6.5 

24.3 
11.5 

25.0 
12.3 

14.8 

25.0 

17.0 

No.  4 

Average  of  4  (April  11, 19) 

April  25,  Iodoxybenzoic  acid. . . . 

17.1 
10.0 

19.1 
11.5 

21.0 
11.5 

11.5 

18.8 
0.0 

No.  t 

Average  of  5  (April  11,  19) 

April  25,  Iodoxybenzoic  acid .... 

20.8 
0.0 

21.6 
0.0 

23.3 
7.3 

6.0 

23.1 
7.5 
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TABLE  VI— Continued 
No.  7 


' 

j                 1 

TWO          '         FOUB        !           SIX                 EIGHT 
BOTTS8             HOCRS       .       HOURS             HOURS 

TWBNTT- 
FOUR 
HOTTRS 

Average  of  7  (April  11,  19) 18.9          21.6          22.0 

April  25,  lodoxybenzoic  acid 0.0            0.0            0.0      i      0.0 

16.0 
0.0 

No.  8 

i                 i                 1                 1 
Average  of  8  (April  11, 19) j    21.6      ;    24.4      !    27.1 

April  25,  lodoxybenzoic  acid j      6.3      i      6.3      ,    14.8      \    15.8 

23.4 
16.0 

No.  12 

Average  of  12  (April  11, 19) j    18.3 

April  25,  15.0  lodoxybenzoic  acidl      0.0 

23.1      1    26.3 
0.0            0.0 

25.9 
10.0 

No.  17 

Average  of  17  (April  11,  19) 18.0 

April  25,  lodoxybenzoic  acid 0.0 

25.5 
13.3 

26.8 

15.5          15.5 

26.9 
16.8 

No.  19 

Average  of  19  (April  11,  19) 18.9 

April  25,  lodoxybenzoic  acid j    12.8 

19.8 
13.5 

21.1 
13.5 

9.5 

18.1 
0.0 

The  average  diameters  of  all  the  reactions  before  and  after 
the  administration  of  the  sodium  iodoxybenzoate  are: 


TWO 
HOURS 


FOUR 
HOURS 


SIX 
HOURS 


EIGHT 
HOURS 


TWENTY- 
FOUR 
HOURS 


Before. 
After. . 


19.7 
4.0 


22.4 
7.0 


24.1 
9.3 


10.1 


21.9 

8.3 


Two  animals  of  this  series,  Nos.  1  and  8,  showed  a  late  increase 
in  the  intensity  of  the  reaction  like  No.  12  in  table  IV. 

The  following  experiments,  conducted  as  those  just  reported, 
were  made  with  a  new  series  of  animals,  with  exception  of  No.  8. 
Nos.  23,  25,  and  31  had  not  received  any  other  injections  of  drugs. 
Nos.  22,  29,  and  30  had  received  benzoic  acid  on  June  24,  when 
Nos.  32,  34,  35,  and  37  had  received  iodbenzoic  acid  intravenously. 
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No.  8  had  a  more  checkered  career.  Table  VII  gives  the  average 
diameters  of  the  reactions  antedating  the  administration  of  10  cc. 
-jV  iodoxybenzoic  acid  as  sodium  salt,  the  diameters  of  the  intra- 
cutaneous reaction  immediately  following  it  and  those  obtained 
two  or  three  days  later. 

TABLE  VII 

No.  2S 


TWO 
HOUBS 

POUB 
HOURS 

BIX 
HOURS 

TWENTY- 
POUR 
HOURS 

Average  of  No.  23  (June  8,  13,  19) 

June  24,  Iodoxybenzoic  acid 

14.7 

0.0 

15.0 

19.0 

0.0 

20.3 

21.2 
0.0 

20.6 
0.0 

June  26 

15.5 

No.  25 


Average  of  No.  25  (June  8,  13,  19) , 

June  24,  Iodoxybenzoic  acid 

June  26 


No.  SI 


Average  of  No.  31  (^une  8,  19) 
June  24,  Iodoxybenzoic  acid 
June  26 


6.5 
0.0 
0.0 


No.  8 


Average  of  No.  8  (April  11,  19,  May  31, 

June  13, 19) 

June  30,  Iodoxybenzoic  acid 

July  3 


19.7 
0.0 
died 


23.6 
0.0 


25.4 
13.0 


20.8 
14.3 


No.  22 

Average  of  No.  22  (June  8,  13,  19) 

June  30,  Iodoxybenzoic  acid 

16.2 

5.8 

20.5 

21.0 

6.5 

26.3 

21.6 
14.5 
28.5 

17.5 
11.3 

July  3 

No.  29 

Average  of  No.  29  (June  8,  13,  19) 

June  30,  Iodoxybenzoic  acid 

18.6 
6.8 

22.8 
6.5 

27.4           25.5 
15.0  diedlQ.O 

No.  SO 

Average  of  No.  30  (June  8, 13, 19) 

June  30,  Iodoxybenzoic  acid 

July  3 

21.3 
12.3 
19.0 

26.4 
14.0 
24.5 

31.0 
15.0 
28.3 

27.8 
16.3 
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TABLE  VII— Continued 
No.  S2 


TWO 

HOUB8 


FOUR 
HOUB8 


nx 

HOXTBS 


Average  of  No.  32  (June  8,  13,  19) I     16.8 

June  30,  lodoxybenzoic  acid |      0.0 

July  3 1    20.0 


20.2 

0.0 

27.0 


22.8 

0.0 

29.8 


TWBNTT- 
FOUH 
HOnBS 


6.1 

0.0 


No.  S4 


Average  of  No.  34  (June  8, 13, 19) |    18.7 

June  30,  lodoxybenzoic  acid |      0.0 

July  3 !    20.5 


No.  S6 


Average  of  No.  35  (June  8,  13,  19) 

June  30,  lodoxybenzoic  acid 

July  3 .., 


17.3 

18.5 

18.9 

12.3 

12.0 

12.8 

16.5 

18.5 

20.8 

19.0 

12.8 


No.  S7 


Average  of  No.  37  (June  8, 13, 19) . 

June  30,  Iodox>'benzoic  acid 

July  3 


31.8 

es.o 


The  average  diameters  of  all  the  reactions  before  and  after 
the  administration  of  sodium  iodoxybenzoate  are : 


TWO  HOURS     1     FOUR  HOURS 

SIX  HOURS 

TWENTY-FOUR 
HOURS 

Before 

1 

17.3        1        21.7 

24  4 

20.4 

After 

4.7        1          5.1        1          9  7 

10   8 

In  this  series  we  see  again  a  delayed  increase  of  intensity  in 
Nos.  29,  34,  and  less  in  37.  In  No.  35  a  few  cubic  centimeters 
of  the  lodoxybenzoic  acid  solution  escaped  in  the  subcutaneous 
tissue. 

In  all  the  experiments  the  diminution  of  the  size  of  the  reaction 
following  the  administration  of  the  drug  was  associated  with  a 
very  decidedly  lessened  degree  of  infiltration.  The  result  of  all 
the  experiments  is  very  striking.     The  intravenous  administra- 
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tion  of  iodoxybenzoic  acid  as  sodium  salt  in  a  carefully  neutral- 
ized solution  always  diminishes  the  intracutaneous  reaction  very 
markedly,  suppressing  it  entirely  in  some  cases.  This  effect  is  not 
lasting,  for  the  intensity  of  intracutaneous  reactions  obtained  a 
few  days  after  the  administration  of  the  drug  do  not,  on  the  whole, 
differ  very  materially  from  those  preceding  its  administration. 

Curve  C  is  intended  as  a  graphic  illustration  of  this  effect  of  the 
administration  of  iodoxybenzoic  acid  using  the  average  diameters 
of  all  the  reactions  recorded  in  tables  V,  VI  and  VII,  as  follows : 


TWO 
HOtTBS 

POTJB 
HOUBS 

SIX 
HOURS 

TWENTT- 
FOUB 
HOUBS 

Before  administration  of  sodium  iodoxy- 
benzoate 

After  administration  of  sodium  iodoxy- 
benzoate 

18.8 
5.1 

22.5 
6.6    . 

24.6 
9.4 

21.5 
'9.0 

Iodoxybenzoic   acid  has  the    formula    C6H4<'     ^O     .      The 

^COOH 
question  arose  whether  the  oxygen  contained  in  the  molecule  in 
combination  with  the  iodin  is  likely  to  be  responsible  for  the 
action  of  the  iodoxybenzoic  acid  in  our  experiments,  or  whether 
the  iodin  or  the  benzoic  acid  contained  in  the  molecule  play  a 
r61e.  Control  experiments  were  made  with  iodbenzoic  acid  of 
/I 


the  formula  C6H4< 


\. 


and  benzoic  acid. 


^COOH 

The  conditions  of  these  experiments  were  the  same  as  in  tables 
VI  and  VII,  only  substituting  in  one  series  iodbenzoic,  in  the  other 
benzoic  acid  for  the  iodoxybenzoic  acid.  In  either  case  10  cc. 
of  iny  a-cid  was  given  intravenously  in  the  form  of  the  sodium  salt 
in  carefully  neutralized  solutions.  Table  VIII  contains  the 
results  of  these  experiments.  Rabbits  Nos.  1,  2,  8,  17,  19,  32, 
34,  35,  and  37  received  iodbenzoic  acid,  rabbits  Nos.  1,  2,  8,  17, 
19,  22,  29,  and  30  benzoic  acid. 
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TABLE    VIII 

lodbenzoic  Acid 

No.  1 


TWO 
HOUBS 


FOUR 
HOUBS 


SIX 
HOURS 


TWBNTT- 
POUR 
HOUBS 


Average  of  1  (April  11,  19,  May  31) '    19.5  23.2 

June 8,  lodbenzoic  acid '    13.8      .    17.8 

June  13 14.8      i    18.3 


24.5 
22.5 
18.3 


24.5 
24.3 
18.3 


No. 

2 

Average  of  2  (April  11, 19,  May  31) 

18.9 
14.8 
14.5 

22.1 
16.0 
19.5 

22.3 
17.8 
19.5 

18.7 

June  8,  lodbenzoic  acid 

15.5 

June  13 

0.0 

No. 

8 

Average  of  8  (April  11,  19,  May  31) 

21.1 
12.5 
15.3 

24.8 
21.5 
19.5 

26.7 
25.8 
21.3 

23.1 

June  8,  lodbenzoic  acid 

22.5 

June  13. 

14.8 

No.  19 


No.  17 

Average  of  17  (April  11,  19,  May  31) 18 .9 

June  8,  lodbenzoic  acid 12.5 

24.9 
20.3 
16.8 

25.9 
21.5 

i    17.5 

1 

24.8 
21.5 

June  13 13  8 

18.8 

Average  of  19  (April  11,  19,  May  31) 18.3 

June  6,  lodbenzoic  acid I     11 .8 

June  13 16.5 


22.1 

23.3 

15.5 

17.3 

18.5 

18.5' 

19.3 

0.0 

12.5 


No.  S» 


Average  of  No.  32  (June  8,  13,  19) 
June  24,  lodbenzoic  acid 


No.  S4 


Average  of  No.  34  (June  8,  13,  19) 
June  24,  lodbenzoic  acid 


No.  S5 


Average  of  No.  35  (June  8, 13, 19) 
June  24,  lodbenzoic  acid 
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TABLE  VllI— Continued 
No.  37 


Average  of  No.  37  (June  8,  13,  19) . 
June  24,  lodbenzoic  acid 


TWO 
HOURS 


22.0 
21.0 


FOUR 
HOURS 


SIX 
EOUR8 


29.4 
31.0 


33.5 
32.8 


TWENTY- 
FOUR 
HOURS 


31.8 
31.5 


Benzoic  Acid 

No.  1 

Average  of  No.  1  (April  11,  19,  May  31, 
June  13, 19) 

17.6 
15.8 

21.1 
20.8 

21.8 
22.5 

21.5 

June  24,  Benzoic  acid 

17.8 

No.  2 

Average  of  2  (April  11,  19,  May  31,  June 
13,19) 

17.4 
16.0 

20.8 
19.8 

21.0 
18.0 

11.2 

June  24,  Benzoic  acid 

0.0 

No.  8 

Average  of  8  (April  11,  19,  May  31,  June 
13,19) 

19.7 
20.8 

23.6 

28.5 

25.4 
31.0 

21.0 

June  24,  Benzoic  acid 

25.3 

No.  17 

Average  of  17  (April  11,-19,  May  31,  June 
13,19) 

16.0 
14.3 

21.3 

22.5 

22.4 

25.8 

21.5 

June  24,  Benzoic  acid         .       

28  5     • 

No.  19 

Average  of  19  (April  11,  19,  May  31,  June 
13,19) "                            

17.5 
15.0 

20.9 
17.0 

21.6 

17.8 

17.3 

June  24,  Benzoic  acid 

10.6 

No.  22 

Average  of  No.  22  (June  8,  13,  19) 

June  24,  Benzoic  acid 

16.2 
18.0 

21.0 
21.0 

21.6 
24.8 

17.5 
15.3 

No.  29 

Average  of  No.  29  (June  8,  13,  19) 

June  24,  Benzoic  acid 

18.6 
20.8 

22.8 
28.5 

27.4 
32.0 

25.5 
32.8 

No.  SO 

Average  of  No.  30  (June  8,  13,  19) 

June  24,  Benzoic  acid 

21.3 
26.0 

26.4 
32.3 

31.0 
35.5 

27.8 
32.0 

INFLUENCE  OF  DRUGS  ON  AN  ALLERGIC  REACTION  243 

The  total  average  diameters  of  the  reactions  before  and  after 
the  administration  of  iodbenzoic  acid  are: 


---  - 

— -^"^ 

1 

TWO   HOUBS 

1 

FOUR  HOURS 

SIX  HOURS 

TWENTT-FOUR 
HOURS 

Before. . 
After. . . . 

'              19.1 

15.7 

23  3 
22.1        j 

25.2 
24.7 

22.2 
20.9 

The 
follows 

experiments 

with  benzoic 

acid  may 

be  summarized  as 

1      TWO  HOCR8 

i 

FOUR   HOURS 

SIX  HOURS           -"^^-^^ 

Before. . 
After. . . . 

i        18.0 

;      18.3 

22.2 

23.8 

24.0                20.4 
25.9        !        20.3 

The  experiments  with  iodbenzoic  acid  were  made  in  two  series. 
In  the  first  with  animals  Nos.  1,  -2,  8,  17,  and  19,  it  seems  on  first 
sight,  that  the  drug  exercised  a  diminishing  effect  on  the  reaction. 
But  the  reactions  obtained  subsequently  were  also  less  intense 
than  the  average  of  the  reactions  before  the  administration  of 
iodbenzoic  acid.  Furthermore,  in  rabbits  Nos.  32,  34,  35,  37, 
animals  more  recently  sensitized  and  not  used  before  for  other 
experiments,  certainly  no  such  effect  is  noticeable.  It  may  be 
stated  that  neither  iodbenzoic  nor  benzoic  acid  exercise  an 
appreciable  diminishing  effect  on  the  intracutaneous  reaction. 

Without  any  doubt  there  exists  a  great  difference  between  the 
effect  of  iodoxybenzoic  acid  and  that  of  iodbenzoic  and  benzoic 
acid,  when  these  substances  are  administered  in  equimolecular 
concentrations. 

We  gratefully  acknowledge  our  indebtedness  to  Dr.  A.  S. 
Loevenhart  who  furnished  us  the  iodoxj'^  and  iodbenzoic  acid. 
Loevenhart  (18)  introduced  the  iodbenzoic  acid  series  in  pharma- 
cology', studying  the  action  of  iod,  iodoso  and  iodoxybenzoic  acid. 
His  investigations  leave  hardly  any  doubt  that  the  oxygen  of 
iodoxybenzoic  acid — readily  given  off  in  the  test  tube — is  given 
off  in  the  organism  in  a  physiologically  active  form.  From  all  the 
data  at  our  command  it  seems  that  the  oxygen  of  the  iodoxyben- 
zoic acid  is  the  determining  factor  for  its  activity  in  our  experi- 
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ments.  Therefore,  it  is  very  probable  that  the  effects  of  this 
substance  are  primarily  due  to  its  influence  on  oxidative  processes. 
This  assumption  was  the  reason  why  we  choose  this  compound 
for  our  experiments.  It  may  be  mentioned  here  that  Man  waring 
(19)  also  figured  with  the  possibility  that  oxidation  processes 
play  a  role  in  the  anaphylactic  reactions,  having  found  that  the 
elimination  of  the  liver  from  the  circulation  suppresses  the  fall 
of  blood  pressure  on  reinjection  of  sensitized  animals,  results  strik- 
ingly substantiated  by  Voegtlin  and  Bernheim  (20)  using  a  better 
method  of  experimentation.^ 

In  any  effort  to  explain  the  effect  of  iodoxybenzoic  acid  on  the 
intracutaneous  reaction,  first  the  question  arises  whether  this 
effect  may  not  be  due  primarily  to  a  general  toxic  effect  so  that 
the  intoxicated  animal  can  no  longer  respond  in  its  usual  manner 
to  the  intracutaneous  injection  of  the  serum. 

This  possibility  suggests  itseff  from  the  fact  that  in  six  of  our 
twenty-four  experiments  the  animals  died.  All  animals  receiving 
sodium  iodoxybenzoate  showed  some  transitory  symptoms.  Most 
of  the  animals  were  rather  quiet  for  some  time  after  the  injection, 
sometimes  after  a  very  transitory  period  of  excitement.  As  a 
rule  the  animals  recovered  rapidly  and  after  a  period  of  one  or 
two  hours  no  appreciable  symptoms  were  noted.  Frequently 
there  was  some  respiratory  distress  of  rather  short  duration  and 
not  very  pronounced.  In  some  cases  the  injection  seemed  to  be 
accompanied  with  pain,  particularly  when  some  of  the  solution 
escaped  in  the  tissues.  When  this  happened  a  more  or  less  exten- 
sive necrosis  followed.  After  the  initial  symptoms  had  subsided 
the  animals  did  not  betray  any  further  symptoms  sufficiently 
marked  to  be  noted,  so  that  the  fatal  result  was  rather  surprising, 
the  more  so  as  in  several  preliminary  experiments  with  non- 
sensitized  rabbits  we  did  not  have  any  fatal  results  even  with 
larger  doses.  Only  one  rabbit  died  with  10  cc.  sodium  iodoxy- 
benzoate. This  animal  died  immediately  after  a  rapid  injec- 
tion. In  all  other  cases  the  injections  were  made  slowly.  How- 
ever, our  control  experiments  with  sodium  iodoxybenzoate  are 

1  Friedberger  and  Grober  are  inclined  to  attribute  the  results  of  Manwaring  to 
a  lack  of  complement  due  to  the  elimination  of  the  liver  from  the  circulation. 
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not  sufficient'  in  number  to  warrant  definite  conclusions  with 
regard  to  its  toxicity.  lodbenzoic  and  benzoic  acid  did  not  elicit 
any  symptoms.  Another  factor  may  have  to  be  taken  in  consider- 
ation. Heilner  (21)  as  well  as  Davidsohn  and  Friedemann  (22) 
observed  symptoms  in  sensitized  animals  on  the  administration 
of  sodium  chloride  which  did  not  occur  in  non-sensitized  animals. 
Similarly  sensitized  animals  might  be  more  susceptible  to  sodium 
iodoxybenzoate  than  nonsensitized  animals. 

A  somewhat  more  detailed  description  of  our  fatal  cases  does 
not  seem  out  of  place. 

Rabbit  No.  9  of  table  V  died  the  second  day  after  the  adminis- 
tration of  the  drug.  On  the  day  of  the  injection  and  the  day 
following  no  special  symptoms  were  noted,  the  animal  being 
lively  and  taking  its  food  well.  No.  12  in  table  VI,  having 
received  previously  10  cc.  iodoxybenzoic  acid,  showing  the 
late  increase  of  the  intracutaneous  reaction  as  noted  above,  re- 
ceived now  15  cc.  apparently  with  a  more  striking  effect.  The 
morning  following  the  injection  this  animal  was  found  dead  in  its 
cage.  The  evening  before  it  had  been  lively,  running  around, 
eating  well  and  with  its  fur  in  good  condition.  No.  4  of  this 
series  died  in  the  afternoon  of  the  day  following  the  injection 
without  having  presented  any  warning  signs  the  same  forenoon, 
and  No.  5  was  found  dead  on  the  morning  of  the  second  day  after 
the  injection,  having  been  apparently  well  the  day  preceding  its 
death.  No.  8  of  table  VII  was  found  dead  in  rigor  mortis  the 
second  morning  after  the  injection.  For  about  six  hours  after 
the  injection  the  respiration  was  rather  rapid  and  somewhat 
labored,  the  animal  sitting  in  its  cage  rather  quiet.  The  next  day 
these  symptoms  had  subsided.  No.  29  was  found  dead,  still 
warm,  at  11  a.m.  on  the  day  following  the  injection.  On  the  day 
of  injection  this  animal  also  remained  rather  quiet  and  showed  for 
several  hours  somewhat  labored  breathing,  while  the  next  morn- 
ing some  diarrhoic  stool  was  found  in  the  cage.  At  eight  in  the 
morning  of  this  day  it  was  found  running  around  free  in  the  labor- 
atory without  showing  any  symptoms.  The  last  two  animals 
were  the  most  affected  by  the  administration  of  sodium  iodoxy- 
benzoate.    No.  29  is  of  special  interest.     Six  hours  after  the  in- 
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jection  the  average  diameter  of  its  reaction  was  15  mm.,  it  was 
not  measured  again  before  its  end.  When  measured  the  diameter 
had  increased  to  19  mm.  with  a  concomitant  increase  in  degree 
of  infiltration.  The  autopsy  in  the  cases  just  described  showed 
some  oedema  of  the  lungs  and  hemorrhagic  areas  in  the  lungs, 
from  pin-head  to  pea-size ;  rarely  larger.  In  some  cases  they  were 
fairly  numerous,  in  others  only  a  few  were  found  and  in  none  was 
the  greater  part  of  the  lungs  affected.  No  other  macroscopical 
lesions  were  found. 

That  a  general  intoxication  may  influence  the  intracutaneous 
reaction  appears  probable  from  a  few  experiments  with  hydro- 
cyanic acid.  On  May  9  rabbits  7,  17,  and  19  received  on  one 
side  of  the  abdomen  0.1  cc.  of  serum  diluted  1  :  5  with  saline  and 
on  the  other  0.1  cc.  serum  diluted  1  :  5  with  1  per  cent  hydro- 
cyanic acid,  while  in  a  third  place  0.1  cc.  1  per  cent  hydrocyanic 
acid  was  given  as  control.  All  these  animals  had  violent  convul- 
sions and  very  severe  dyspnoea.  No.  7  died,  Nos.  17  and  19 
began  to  recover  slowly  after  a  period  of  about  one  hour.  In  these 
animals  the  reactions  were  strikingly  less  intense  than  previously. 
At  the  same  time  Nos.  1,  2,  and  3  received  the  same  injections 
with  exception  of  the  control.  Here  no  appreciable  symptoms 
occurred  and  the  reactions,  particularly  those  with  the  serum 
diluted  with  saline,  did  not  show  any  marked  differences  from 
those  obtained  previously.  But  here  we  have  a  very  definite 
severe  intoxication  and  while  the  reactions  were  markedly  dim- 
inished, the  effect  was  not  as  pronounced  as  the  effect  of  iodoxy- 
benzoic  acid  in  the  same  animals. 

Furthermore,  the  reactions  of  the  animals  which  died  were  not 
more  affected  than  those  of  the  others,  and  No.  12  in  table  VI, 
Nos.  8  and  29  in  table  VII  showed  a  late  increase  of  their  reactions. 
Here  we  may  refer  to  our  observation  of  rabbit  3  in  table  I, 
where  the  reaction  certainly  did  not  show  any  diminution 
although  the  next  morning  following  the  intracutaneous  injection 
it  was  found  with  the  severest  symptoms.  A  few  other  animals 
where  the  reactions  were  not  measured,  died  the  day  following  the 
intracutaneous  injection  or  within  a  few  days  following  it  without 
an  appreciable  diminution  of  the  reactions. 
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The  sum  total  of  our  observations  is  not  in  favor  of  the  view  that 
a  general  toxic  effect  is  vitally  concerned  in  the  diminution  of  the 
intracutaneous  reaction  due  to  the  administration  of  sodium 
iodoxybenzoate. 

We  tried  to  approach  this  problem  by  a  different  method, 
whereby  the  rabbits  received  on  one  side  of  the  abdomen  serum 
diluted  with  saline,  on  the  other  serum  diluted  with  sodium 
iodoxybenzoate  solution  in  the  usual  proportion.  The  serum 
diluted  with  the  latter  remained  perfectly  clear.  A  third  injec- 
tion of  0.1  cc.  sodium  iodoxybenzoate  solution  was  given  as  con- 
trol. In  the  first  series  of  April  4  the  strength  of  this  solution 
was  w,  in  the  second  of  May  26  ^.  In  table  IX  ''R"  designates 
the  reactions  obtained  with  the  serum  diluted  with  sodium  iod- 
oxybenzoate, "h"  those  with  serum  diluted  with  saline  and  ''C" 
the  control  with  sodium  iodoxybenzoate. 


TABLE  IX 

April  4 

No.  1 


TWO  HOURS           FOUR  HOURS    |       SIX  HOURS 

EIGHT  HOURS 

TWENTY-FOUR 
HOURS 

R 

12.5 

16.5 
12.5 

21.5 
22.0 
16.0 

24.5 
22.5 
16.5 

24.5 
22.5 
16.5 

22    0 

L 

19  5 

C 

13  0 

No.  2 

R 

16.0 
19.0 
14.5 

19.0 
23.5 
14.5 

22.0 
25.5 
14.5 

19.0 
26.0 
14.5 

14  0 

L 

17  5 

C 

8  5 

No.  5 

R 

15.0 

13.5 

9.0 

22.0 

24.5 

0.0 

24.5 

28.5 
0.0 

24.5 

28.5 
0.0 

22  0 

L 

26  5 

C 

0.0 

No.  S 

R 

L 

15.5 
19.5 
15.0 

21.5 
23.5 
17.0. 

24.5 
28.0 
17.0 

24.5 
28.0 
17.0 

18.5 
25.0 

C 

11.5 
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TABLE  IX— Continued 
No.  17 


TWO  HOURS 

POUR  HOURS 

SIX  HOURS 

EIGHT  HOURS 

TWENTY-FOUR 
HOURS 

R 

0.0 

22.0 

0.0 

19.0 

31.5 
0.0 

21.0 

32.5 

0.0 

21.0 

32.5 
0.0 

19.0 

L 

30.0 

C 

0.0 

May  26 
No.  1 


TWO  HOURS 

POUR  HOURS 

SIX  HOURS 

TWENTY-FOUR 
HOURS 

R 

13.0 
18.5 
13.5 

19.0 
26.0 
16.0 

24.0 
30.5 
19.0 

23.0 

L 

30.0 

C 

19.5 

No.  2 


R 

16.5 
23.0 
13.5 

25.5 
26.0 
19.5 

24.5 
25.0 
23.0 

19  0 

L 

22  5 

C 

20  0 

No.  8 


R 

15.0 
20.0 
10.5 

22.0 

26.5 
16.5 

25.5 

28.5 
18.0 

22  5 

L 

27  0 

C 

18  5 

No.  17 


No.  19 
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The  total  average  diameter  of  the  reactions  on  April  4  with 
animals  Nos.  1,  2,  5,  8,  and  17  and  w  sodium  iodoxybenzoate : 


.  -    -     - 

TWO  BOUBS 

FOUB  HOTTB8 

SIX  HOUB8 

EIGHT  HOTTBS 

TTfrENTT-FOUB 
HOTJB8 

R 

11.8 
18.1 
10.2 

20.6 

25.0 
9.5 

23.3 

27.4 

9.6 

24.7 

27.5 

9.6 

19    1 

L 

23    7 

C 

6.6 

and  May  26  with  animals  1,  2,  8,  17,  and  19,  and  w  sodium 
iodoxybenzoate : 


TWO  HOUB8 

FOUR   HOURS 

SIX  HOURS 

EIGHT  HOURS 

TWENTT-FOUR 
HOURS 

R 

12.6        !        20.3 
22.6                27.9 
12.9                16  4 

24.7 
29.5 
18.4 

20  3 

L 

25  7 

c ;.... 

16.3 

These  latter  figures  formed  the  basis  for  the  construction  of 
Curve  D,  where  the  upper  curve  represents  the  reactions  on  the 
left,  the  middle  curve  those  on  the  right,  and  the  lower  the  con- 
trol. 

With  exception  of  No.  1,  April  4,  the  size  of  the  reactions  agreed 
well  with  the  degree  of  infiltration.  In  No.  1  during  the  first 
four  hours  the  reactions  on  the  left  with  serum  diluted  with  saline 
exceeded  that  on  the  right  with  serum  diluted  with  sodium  iodoxy- 
benzoate and  the  difference  in  intensity  after  four  hours  was 
greater  than  indicated  by  the  size.  After  this  time  the  reaction 
on  the  right  spread  more,  while  throughout  the  period  of  observa- 
tion the  elevation,  redness,  and  induration  on  the  left  was  so 
decidedly  greater  as  to  leave  no  doubt  that  this  was  the  more 
intense  reaction.  The  control  with  sodium  iodoxybenzoate  alone 
produced  in  most  cases  a  swelling,  etc.,  very  similar  to  the  other 
reactions,  ending  mostly  in  a  superficial  necrosis.  In  several 
cases  the  control  after  twenty-four  hours  differed  very  little  from 
the  reactions  with  serum  diluted  with  the  drug.  In  spite  of  this 
fact  it  is  evident  that  the  sodium  iodoxybenzoate  exercised  a 
marked  inhibitory  effect  on  the  reactions.     This  effect  was  most 
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marked  after  two  and  four  hours.  Later  the  difference  between 
the  reactions  on  either  side  was  much  less  pronounced.  It  is 
questionable  whether  it  is  permissible  to  subtract  the  results 
obtained  with  the  controls  from  those  obtained  with  the  serum 
diluted  with  the  sodium  iodoxybenzoate,  a  procedure  which  would 
make  the  inhibiting  effect  of  the  drug  much  greater. 

In  order  to  establish  this  inhibiting  effect  of  our  substance  a 
number  of  control  experiments  had  to  be  conducted,  comparing 
the  intensity  of  intracutaneous  reactions  on  both  sides  of  the  abdo- 
men on  simultaneous  injections.  As  in  the  cases  where  one  in- 
jection was  given  the  same  animal  at  different  times  here  also  it 
was  noted  that  the  reactions  vary  in  intensity  on  different  dates. 
Furthermore,  the  simultaneous  injections  need  not  always  elicit 
reactions  of  about  the  same  intensity.  This  occurs  rather  fre- 
quently and  on  the  whole  the  differences  between  the  simultane- 
ous reactions  are  not  as  great  as  the  difference  between  reactions 
obtained  at  different  times.  Sometimes  the  reaction  on  one  side 
exceeds  in  size  and  degree  of  infiltration,  etc.,  that  of  the  other. 
Both  reactions  may  have  about  the  same  size,  but  differ  in  degree 
of  infiltration.  Or  the  reaction  on  one  side  may  cover  a  greater 
area  while  the  degree  of  infiltration  is  decidedly  less  than  on  the 
other.  It  would  lead  us  too  far  to  describe  all  the  variations  noted 
in  detail.  It  will  suffice  for  our  purpose  to  give  the  average  di- 
ameters of  the  actual  controls  for  our  experiments,  adding  a  few 
more  detailed  protocols.  In  our  observations  with  the  drugs  the 
differences  were  sufficiently  marked  to  overcome  the  variations 
which  we  encountered  in  our  control  experiments. 

Two  control  experiments  with  animals  Nos.  1,  2,  5,  8,  and  17 
serving  for  the  experiments  with  sodium  iodoxybenzoate  on  April 
4  gave  the  following  results: 


TWO 
HOURS 

FOUR 
HOURS 

SIX 
HOURS 

TWENTT- 
FOUH 
HOURS 

fR            

23.3 

22.9 
18.2 
18.3 

26.2 
25.2 
21.5 
21.3 

28.8 
26.9 
22.4 
22.1 

26.4 

April    nlV^ 

23.9 

April    19  I?" 

21.3 
20.9 
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A  number  of  control  experiments  with  animals  Nos.  1,  2,  8, 
17,  and  19  serving  for  the  experiments  with  sodium  iodoxyben- 
zoate  on  May  26  resulted  as  follows : 


April  11 1^ 
April   19  (^ 

May     31  I J 

fR 
June    13  <  J 

fR 
June    19  <  J 


TWO 
HOCB8 


22.8 
22.5 
17.7 
18.0 
18.5 
18.1 
14.9 
15.0 
14.9 
16.7 


FOtTB 
HOCB8 


26.1 
24.5 
21.2 
20.9 
25.0 
22.8 
18.6 
18.4 
18.6 
19.2 


SIX 
HOCB8 


28.5 
26.6 
21.9 
21.6 
25.4 
24.2 
19.3 
18.7 
18.6 
19.3 


TWENTY- 
FOUR 
HOURS 


25.1 

22.6 
20.5 
20.3 
21.1 
22.3 
12.9 
12.8 
12.6 
14.2 


We  will  give  some  results  with  simultaneous  injections  in  more 
detail.  The  dose  was  always  the  same,  0.1  cc.  serum  diluted 
1  :  5  with  saline.  Rabbits  21  to  42  were  sensitized  as  follows: 
On  April  14  these  animals  received  1.0  cc.  horse  serum  in  the  ear 
vein;  this  dose  was  repeated  on  April  19  and  22.  It  may  be  re- 
marked that  one  animal  died  immediately  after  the  last  injection, 
while  another  was  paralyzed  in  the  hind  legs  with  a  loss  of  con- 
trol of  the  sphincters.  This  animal  was  killed  later,  having  given 
a  positive  test  on  April  28,  30,  and  May  3.  On  April  28  the  first 
intracutaneous  test  was  given  with  undiluted  serum  repeated  on 
April  30,  May  3,  9,  12,  18,  21,  26,  and  31,  when  all  the  surviving 
eighteen  animals  reacted  with  exception  of  one.  June  8,  13,  and 
19,  ten  of  these  animals  received  the  simultaneous  injections  on 
either  side  of  the  abdomen.  On  June  13,  No.  31  was  omitted  by 
mistake.  In  these  records  some  of  the  reactions  on  the  left  side 
are  marked  >,  meaning  that  the  degree  of  infiltration,  redness, 
etc.,  exceeded  definitely  that  of  the  right  side,  and  <,  signifying 
the  opposite  behavior.  We  may  add  here  one  of  the  records  of 
animals  Nos.  1,  2,  8,  17,  and  19  of  April  11. 

The  good  agreement,  particularly  between  the  average  diam- 
eters of  the  simultaneous  reactions  in  our  control  experiments, 
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as  well  as  the  uniform  results  with  the  local  application  of  serum 
diluted  with  sodium  iodoxybenzoate,  justify  our  conclusion  that 
this  drug  exercises  a  definite  inhibiting  effect  on  the  intracutane- 
ous reaction  on  local  appHcation,  particularly  during  the  earUer 
stages.  At  the  same  time  these  observations  also  do  not  favor 
the  conception  that  the  diminishing  influence  of  intravenous  in- 
jections of  this  substance  on  the  intracutaneous  reaction  is  de- 
pendent on  a  general  toxic  effect. 

Considering  the  possibility  that  oxidative  processes  might  be 
concerned  in  the  effect  of  the  sodium  iodoxybenzoate  on  the  intra- 
cutaneous reaction  experiments  were  made  to  test  the  influence 
of  hydrocyanic  acid.  These  experiments  were  limited  to  the 
investigation  of  the  local  influence  of  sodium  cyanide  in  the  same 
manner  in  which  the  local  influence  of  iodoxybenzoic  acid  was 
studied. 

Animals  Nos.  4,  14,  and  19  received  on  April  4  on  the  right  side 
of  the  abdomen  0.1  cc.  serum  diluted  1  : 5  with  a  0.5  per  cent 
solution  of  sodium  cyanide,  on  the  left  0.1  cc.  serum  diluted  1  :  5 
with  saline,  while  a  control  injection  of  0.1  cc.  0.5  per  cent  sodium 
cyanide  was  given  in  a  third  place.     The  results  are  as  follows: 


TWO  HOX7RS 


FOUH  HOURS  SIX  HOURS 


TWBNTT-FOUB 
HOURS 


21.5 
13.5 

0.0 
17.8 
11.5 

0.0 
21.5 
14.5 
15.0 


24.0 
19.5 

0.0 
22.5 
17.0 

0.0 
26.0 
21.0 
16.0 


24.5 
19.5 

0.0 
21.5 
19.5 

0.0 
26.0 
21.0 

+ 


19.5 
16.5 

0.0 
22.0 
20.0 

0.0 
22.5 
18.0 

0.0 


The  total  diameters  are: 


TWO  HOURS 

FOUR  HOURS    ! 

BIX  HOURS 

TWENTY-FOUR 
HOURS 

R 

20.2 

13.2 

5.0 

24.2        1 
19.0 
5.3 

24.0 

20.0 

0.0 

21.3 

L 

18.2 

c 

0.0 
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The  average  diameters  of  the  reactions  of  the  same  animals 
on  April  11  and  19  were: 

April    11  {  ^ 
April    19  1^ 

In  these  experiments  the  most  pronounced  difference  in  the 
reactions  was  noted  after  two  hours;  later  on  this  difference  was 
much  less  striking. 

The  second  series  on  April  30  comprises  animals  Nos.  1,  2,  7, 
8,  14,  17,  19.  The  arrangement  of  the  experiment  was  the  same 
with  this  difference  that  the  strength  of  the  NaCN  solution  was 
1  per  cent. 


TWO   HOURS 

FOUR   HOURS 

SIX    HOURS 

TWENTY-FOUB 
HOURS 

fR 

23.0 
18.5 
17.0 
20.5 
15.5 
14.5 
21.0 
18.0 
20.0 
26.0 
16.5 
0.0 
19.0 
11.0 
12.0 
22.5 
17.5 
18.0 
22.0 
13.0 
11.5 

25.0 
20.5 
17.0 
20.5 
,  19.5 
14.5 
22.0 
20.5 
23.5 
26.0 
21.5 

0.0 
19.5 
15.5 
13.0 
25.5 
23.0 
13.0 
22.0 
15.0 

0.0 

26.0 
24.5 
17.0 
22.0 
20.5 
14.5 
20.5 
19.0 
17.0 
28.0 
21.5 

0.0 
18.0 
13.5 
13.0 
28.5 
26.0 

0.0 
22.0 
15.0 

0.0 

25  0 

1  <!l 

22  0 

C 

12  5 

(R 

17  0 

2]l 

16  5 

C 

0.0 

(R 

16  5 

7    L 

15  0 

C 

11  5 

[R 

23.0 

8]l 

24  0 

C 

0.0 

(R 

17  5 

14    L 

13.5 

C 

14  0 

[R 

27.5 

17  ]l 

26  5 

C ..;. 

0.0     • 

[R 

18  5 

19  ]l 

13.5 

C 

0.0 
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The  total  average  of  the  diameters  of  this  series  is : 


TWO   HOURS 

FOUR  HOURS 

SIX   HOURS 

TWENTT-FOUR 
HOURS 

R . 

22.0 
15.7 
13.3 

22.9 

19.4 
11.6 

23.6 
20,0 

8.8 

20.6 

L 

18.7 

c 

5.4 

The  control  experiments  with  the  same  animals  on  April  1 1  and 
19  gave  these  averages: 


TWO   HOURS 

FOUR  HOURS 

SIX  HOURS 

TWENTY-FOUK 
HOURS 

April 

<:.:::::: 

21.5 

24.7 

26.8 

23.1 

21.3 

23.6 

25.2 

21.1 

April 

Ht:::-::: 

i        17.3 

i        17.1 

20.4 
20.4 

21.0 
21.1 

18.9 
19.1 

In  this  series,  as  in  the  preceding  one,  the  difference  between 
the  reactions,  striking  after  two  hours,  became  less  distinct  as 
the  time  advanced. 

It  was  suspected  that  the  initial  increase  of  the  serum  cyanide 
reactions  might  be  attributable  to  an  addition  of  the  effect  of  the 
sodium  cyanide  as  evinced  in  the  controls  to  the  effect  of  the 
serum,  whereby  the  alkalinity  of  the  cyanide  solution  may  have 
played  a  role. 

The  solution  of  sodium  cyanide  employed  in  the  following  ex- 
periments was  prepared  with  special  care.  Its  strength  was  one 
per  cent  verified  by  the  determination  of  its  CN  content.  The 
alkalinity  was  also  determined  and  corresponded  to  that  of  a 
0.64  per  cent  sodium  hydroxide  solution.  The  animals  Nos.  1,  2, 
8,  17,  and  19  received  May  18  on  the  right  side  of  the  abdomen 
0.1  cc.  serum  diluted  1  : 5  with  this  sodium  cyanide  solution, 
(yi  the  left  0.1  cc.  serum  diluted  1  : 5  with  0.64  percent  sodium 
hydroxide  solution  and  in  a  third  place  0.1  cc.  of  the  latter. 
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TWO  HOURS 

FOUR   HOURS 

SIX  HOURS 

TWENTY-FOUR 
HOURS 

[R 

24.5 
14.0 
10.5 
23.0 
15.0 
14.0 
23.0 
J5.5 
15.0 
22.5 
16.0 
0.0 
22.6 
14.5 
12.5 

27.5 
20.0 
11.0 
29.0 
20.0 
10.5 
25.5 
20.5 
13.5 
27.5 
19.0 
0.0 
26.0 
22.5 
13.5 

29.0 
22.5 
11.0 
29.5 
23.0 
10.5 
25.5 
25.5 
13.5 
29.5 
19.5 
0.0 
30.0 
26.0 
13.5 

27    0 

1  |l 

21.5 

c 

0.0 

'r 

2iL 

25.0 

25.5 

C 

12.0 

[R.. 

19.0 

8]l 

20  0 

C 

R 

21.0 
26.0 

17  ]  L 

18.0 

C 

0.0 

'r 

19    L 

C 

23.0 
22.0 
13.0 

The  averages  are, 


TWO   HOURS 

FOUR  HOURS 

SIX  HOURS 

TWENTY-FOUR 
HOURS 

R 

23.1        1        27.0 
15.0        1        20.4 

28.7 

23.3 

9.7 

23.8 

L 

21.4 

C 

10.4 

9.7 

9.2 

Curve  E  illustrates  these  findings. 

The  results  of  the  control  experiments  with  these  animals  are 
given  on  page  29. 

The  control  injections  with  sodium  hydroxide  showed  little 
infiltration,  but  like  the  reactions  with  the  serum  diluted  with  the 
NaCN  solution,  nearly  all  lead  to  a  slight  necrosis. 

The  differences  observed  in  this  series  were  most  striking.  In 
Nos.  2,  8,  and  19  this  difference  was  still  very  pronounced  after 
four  ho*urs,  while  later  on  the  degree  of  infiltration  did  not  differ 
as  much.  In  Nos.  1  and  17  a  pronounced  difference  persisted 
throughout.  Similar  experiments  were  made  using  a  1  per  ceat 
solution  of  hydrocyanic  acid  in  place  of  the  sodium  cyanide  solu- 
tion. To  these  we  referred  above.  The  experiments  could  not 
be  utilized  for  our  purposes  here  because  the  addition  of  the  hy- 
drocyanic acid  to  the  serum  produced  a  very  fine  precipitate. 
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In  the  experiment  just  cited  the  sodium  cyanide  exercised  a 
marked  influence  on  the  intracutaneous  reaction,  increasing  its 
intensity  particularly  in  the  earlier  stages.  This  observation  lends 
a  strong  support  to  the  conception  that  oxidative  processes  play 
a  role  in  the  intracutaneous  reaction  for  Geppert  (23)  has  shown 
that  in  the  presence  of  HCN  the  tissues  cannot  combine  with 
oxygen.  The  fact  that  the  sodium  cyanide  acts  in  the  opposite 
direction  of  sodium  iodoxybenzoic  acid  is  very  suggestive  in  this 
connection. 

Having  established  the  influence  of  iodoxybenzoic  acid  on  the 
intracutaneous  reaction  it  was  necessary  to  see  whether  a  similar 
influence  on  the  general  allergic  reaction  existed.  For  this  pur- 
pose it  was  our  intention  to  study  the  influence  of  this  drug 
on  the  anaphylactic  shock  in  guinea-pigs.  Since  we  were  unable 
to  keep  a  larger  number  of  these  animals  we  had  to  abandon  this 
procedure.  Dr.  Hirschfelder  tested  the  influence  of  intravenous 
injection  of  iodoxybenzoic  acid  on  the  effect  of  intravenous  in- 
jections of  Witte's  pepton  in  the  guinea-pig,  an  effect  very  much 
Uke  the  anaphylactic  shock.  No  appreciable  influence  could  be 
detected.  In  the  following  experiments  we  made  use  of  the  fall 
of  blood  pressure  noted  in  sensitized  dogs  on  reinjection,  first 
described  by  Biedl  and  Kraus  (24).  Three  dogs  were  sensitized 
with  horse  serum,  all  three  giving  a  very  good  intracutaneous 
reaction  after  three  weeks.  In  control  animals  the  intracutaneous 
injection  of  our  serum  did  not  give  any  reaction,  indeed  after  two 
hours  it  was  not  possible  to  recognize  the  places  of  injection.  One 
of  the  animals,  weighing  5.6  kg.  received  then  within  ten  minutes 
30  cc.  of  To  iodoxybenzoic  acid  as  sodium  salt  in  the  femoral  vein, 
followed  by  an  injection  of  10  cc.  horse  serum.  The  slow  injec- 
tion of  sodium  iodoxybenzoate  in  the  femoral  vein  had  but  a 
minimal  depressing  effect  on  the  blood  pressure,  while  a  deep  and 
lasting  fall  set  in  long  before  the  injection  of  the  horse  serum  was 
finished.  The  second  dog  of  6.5  kg.  received  in  the  femoral  vein 
10  cc.  of  a  mixture  containing  9  cc.  serum  and  40  cc.  ^  sodium 
iodoxybenzoate.  A  fraction  of  a  cubic  centimeter  entered  the 
circulation  prematurely  producing  a  slight,  but  well  marked  and 
transitory  fall  of  pressure.     With  the  injection  of  the  mixture  the 
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blood  pressure  fell  rapidly  and  lastingly.  When  it  had  reached 
an  even  low  level  10  cc.  ^  sodium  iodoxybenzoate  was  injected 
twice  without  any  appreciable  effect. 

The  third  dog  of  5.5  kg.  received  on  May  18  on  each  side  of  the 
spinal  column  in  shaved  places  0.1  cc.  serum  diluted  1  : 5  with 
saline.  The  reactions  were  intense  and  agreed  very  closely  in 
size  and  degree  of  infiltration. 

The  diameters  were : 


TWO  HOURS           FOUR   HOURS 

SIX  HOURS 

TWENTY-FOUR 
HOURS 

R 

37.5        !        50.5 
37.5               47.0 

47.5 
47.0 

47.5 

L 

46.5 

May  26  the  dog  received  in  the  right  side  0.1  cc.  serum  diluted 
1  :  10  with  vo  sodium  iodoxybenzoate,  on  the  left  0.1  cc.  serum 
diluted  1  :  10  with  saline;  and  in  a  third  place  0.1  cc.  w  sodium 
iodoxybenzoate  as  control. 


TWO   HOURS 

FOUR  HOURS 

SIX   HOURS 

TWENTY-FOUR 
HOURS 

R 

19.0 
23.0 
17.5 

28.5 
30.0 
17.5 

42.5 
45.0 
15.0 

42.5 

L 

45.0 

C 

15.0 

The  first  four  hours  there  was  a  marked  difference  between 
the  reactions  even  more  in  degree  of  infiltration  than  in  size,  later 
on  the  reactions  showed  practically  no  difference.  All  the  intra- 
cutaneous reactions  of  our  dogs  were  associated  with  rather  pro- 
nounced haemorrhages,  leaving  a  small  necrotic  area. 

On  the  day  of  the  experiment  just  reported  the  dog  was  less 
lively  than  before  and  coughed.  June  6  it  coughed  considerably, 
but  was  still  fairly  lively  and  ready  to  play.  On  this  day  it 
received  on  either  side  of  the  back  0.1  cc.  serum  diluted  1  :  10 
with  saline,  immediately  followed  by  a  very  slow  injection  of  45 
cc.  w  sodium  iodoxybenzoate  in  the  femoral  vein  laid  bare  under 
cocaine.     The  result  was: 
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TWO    HOUBS 

FOUB  HOUB8 

BIX  HOI7BS 

R 

L ....; 

14.0 
15.0 

24.5 
16.0 

15.0 
17.0 

The  result  is  in  accordance  with  our  experiments  in  rabbits. 
Two  hours  after  the  injections  of  the  serum  the  animal  was  rather 
droopy,  with  embarrassed  respiration.  After  four  hours  it  was 
quiet,  the  respiration  somewhat  labored,  with  a  good  pulse  of 
136  beats  per  minute.  After  six  hours  the  pulse  was  the  same, 
the  respiration  labored,  92  per  minute.  The  animal  was  quiet, 
somewhat  droopy,  but  easily  roused,  taking  food  well.  At  10.30 
the  next  morning  the  dog  was  found  dead,  still  warm,  without 
rigor  mortis.  At  the  autopsy  the  two  upper  lobes  of  the  lungs 
were  found  solid,  of  grayish  color.  The  cut  surface  showed  some 
edema  with,  yellowish  white  pus  exuding.  The  left  lower  lobe 
did  not  show  any  lesions,  while  the  right  lower  lobe  was  congested, 
dry  and  sandy,  not  containing  any  air.  While  it  is  not  unlikely 
that  the  diminution  of  the  intracutaneous  reaction  is  chiefly 
attributable  to  the  effect  of  the  drug,  the  conditions  of  this  exper- 
iment do  not  permit  a  definite  conclusion. 

Our  experiments  show  that  iodoxybenzoic  acid  administered 
intravenously  or  locally  in  rabbits  diminishes  the  intracutaneous 
reaction.  Administered  locally  in  the  dog,  the  same  effect  is 
noted  and  there  is  an  indication  that  the  intravenous  adminis- 
tration in  the  dog  has  the  same  effect.  At  the  same  time  the 
intravenous  administration  in  the  dog  does  not  seem  to  exercise 
any  influence  on  the  general  allergic  reaction  of  this  animal. 

There  seems  to  exist  a  certain  analogy  between  the  action  of 
iodoxybenzoic  acid  and  the  action  of  larger  doses  of  serum  sug- 
gesting the  production  of  an  anergy.  -But  this  analogy  is  rather 
superficial.  For  injections  of  serum  in  a  sensitized  dog,  for  in- 
stance, render  subsequent  injections  inactive,  while  the  iodoxy- 
benzoic acid  does  not.  The  mode  of  action  of  the  iodoxybenzoic 
acid  must  be  different. 

It  is  self-evident  that  some  differences  exist  between  the  general 
allergic  reaction  and  the  intracutaneous  reaction.     In  one  case 
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we  have,  for  instance,  a  fall  of  blood  pressure,  in  the  other  a 
localized  inflammation.  It  may  be  possible  that  the  differences 
between  these  manifestations  are  deeper  than  can  be  attributable 
to  the  effect  of  the  same  toxine  on  a  different  organ  system,  an 
additional  reason  why  substances  influencing  the  intracutaneous 
reaction  may  be  without  effect  on  the  general  allergic  reaction. 
Clinically  this  is  of  importance,  since  drugs  preventing  the  erup- 
tions of  the  skin  need  not  prevent  the  advent  of  symptoms  com- 
parable to  other  allergic  phenomena  and  vice  versa.  In  this 
connection  we  may  cite  some  observations  on  rabbits  and  guinea- 
pigs  sensitized  with  Vaughan's  sensitizing  residue  obtained  from 
egg  white.  We  owe  the  material  to  the  kindness  of  Dr.  Vaughan. 
Animals  can  be  sensitized  with  this  residue,  but  it  is  supposed 
(25)  that  on  reinjections  this  residue  does  not  give  rise  to  any 
toxic  symptoms,  while  the  unbroken  egg  white  does.  Four  rab- 
bits sensitized  with  this  residue  gave  a  definite  intracutaneous 
reaction  on  reinjections  with  0.05  to  0.1  cc.  of  a  10  per  cent  solu- 
tion. Some  guinea-pigs  sensitized  with  the  residue  also  gave  a 
positive  intracutaneous  test,  while  they  did  not  respond  to  rather 
large  doses  given  intraperitoneally  like  3.0  cc.  of  a  10  per  cent 
solution.  About  one-third  to  one-half  of  our  sensitized  guinea- 
pigs  gave  a  positive  intracutaneous  reaction  with  the  sensitiz- 
ing residue.  These  animals,  as  the  others,  gave  a  systemic  reac- 
tion with  unbroken  egg  white,  with  one  exception  where  the 
intracutaneous  reaction  was  very  pronounced,  while  an  intra- 
peritoneal injection  of  unbroken  egg  white  the  next  day  had  no 
effect.  The  impossibility  of  taking  proper  care  of  a  larger  num- 
ber of  guinea-pigs  prevented  us  from  pursuing  these  experiments 
any  further.  Such  observations  would  lend  strong  support  to 
the  view  that  rather  far  reaching  differences  may  exist  between 
local  and  general  allergic  reactions,  provided  that  the  sensitizing 
residue  does  not  contain  any  unbroken  egg  white.  But  Dr. 
Vaughan  notified  us  ''The  possibility  that  in  our  first  residue  some 
unbroken  egg  white  might  have  been  carried  over  in  the  residue 
must  be  acknowledged."  This  possibility  renders  our  observa- 
tions less  conclusive,  although  in  view  of  the  quantitative  rela- 
tionships in  our  experiments  it  is  not  excluded  that  such  differ- 
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ences  between  local  and  systemic  allergic  reactions  may  perhaps 
enter   in   consideration. 

The  results  of  our  experiments  show  that  the  iodoxybenzoic 
acid  has  no  influence  on  the  general  allergic  reaction,  while  it 
has  a  definite  influence  on  the  local  reaction.  We  are  inclined  to 
attribute  this  effect  to  a  favorable  influence  on  oxidative  processes, 
the  more  so  as  cyanide  has  been  show^n  to  have  the  opposite  effect. 
The  local  reaction  differs  from  the  general  particularly  in  as  much 
as  it  is  an  inflammatory  reaction  of  a  certain  type.  Therefore,  it 
is  very  probable  that  the  influence  exercised  by  sodium  iodoxy- 
benzoate  and  sodium  cyanide  is  directed  not  so  much  against 
the  mechanism  of  the  aUergic  reaction,  but  against  the  processes 
ehcited  by  the  product  of  the  aUergic  reaction.  Since  this  proc- 
ess is  here  of  an  inflammatory  character  we  would  have  to  express 
our  results  in  the  f oUowing  terms :  sodium  iodoxybenzoate  inhib- 
its inflammatory  processes  while  sodium  cyanide  favors  them. 
Generalizing  this  expression,  we  arrive  at  the  hypothesis  that 
any  measures  favoring  oxidative  processes  in  the  tissues  tend  to 
inhibit  inflammatory  processes,  while  measures  interfering  with 
oxidative  processes  tend  to  favor  inflammatory  processes. 

In  closing  our  paper  we  may  cite  one  more  experiment,  prompted 
by  the  investigations  of  Banzhaf  and  Famulener.  A  rather 
emaciated  rabbit,  weighing  750  grams  sensitized  to  horse  serum, 
received  intravenously  12  cc.  of  a  yV  chloral  hydrate  solution, 
immediately  followed  by  an  intracutaneous  injection  of  serum. 
The  narcosis,  established  before  the  injection  of  chloral  hydrate 
was  finished,  lasted  about  one  hour.  The  intensity  of  the  intra- 
cutaneous reaction  did  not  show  any  marked  difference  when 
compared  with  previous  reactions.  This  result  prevented  fur- 
ther experiments  at  the  time. 

CONCLUSIONS 

1.  The  intensity  Of  the  intracutaneous  reaction  of  a  rabbit 
sensitized  to  horse  serum  is  dependent  on  the  amount  of  serum 
used  for  the  intracutaneous  injection. 
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2.  An  intravenous  injection  of  a  large  dose  of  serum  in  a  sen- 
sitized rabbit  diminishes  the  intensity  of  the  intracutaneous  reac- 
tion. 

3.  lodoxybenzoic  acid  administered  intravenously  in  rabbits 
diminishes  the  intensity  of  the  intracutaneous  reaction,  while 
iodbenzoic  and  benzoic  acid  in  equimolecular  concentration  do 
not.  lodoxybenzoic  acid  administered  locally  in  rabbit  and  dog 
inhibits  the  intracutaneous  reaction  for  several  hours,  while 
sodium  cyanide,  tested  in  the  rabbit,  has  the  opposite  effect, 
lodoxybenzoic  acid  administered  intravenously  in  the  sensitized 
dog  does  not  interfere  with  the  fall  of  blood  pressure  on  reinjec- 
tion  of  serum. 

4.  There  is  a  strong  possibility  that  the  lodoxybenzoic  acid 
and  the  cyanide  do  not  influence  the  mechanism  of  the  allergic 
reaction  as  such,  but  that  their  influence  is  directed  against  the 
inflammatory  processes  due  to  a  product  of  the  allergic  reaction. 

5.  The  hypothesis  is  advanced  that  measures  favoring  oxida- 
tive processes  in  the  tissues  tend  to  inhibit  inflammatory  processes, 
while  measures  interfering  with  oxidative  processes  have  the 
opposite  tendency. 
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Upper  curve:     Serum  diluted  1:5  with  sodium  cyanide. 
Lower  curve:    Serum  diluted  1:5  with  sodium  hydroxide. 
Dotted  curve:  Control  with  sodium  hydroxide. 
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INTRODUCTION 

The  objects  of  the  series  of  experiments  are  partly  practical 
and  partly  theoretical. 

1.  Practical.  This  includes  the  value  of  caffein  in  alcohoUc 
poisoning  and  the  reverse;  the  proper  dosage;  methods  of  adminis- 
tration, etc. 

2.  The  action  of  drugs  in  abnormal  physiological  states.  Pharma- 
cology has  accumulated  many  data  on  the  actions  of  drugs  on 
the  normal  organism.  The  knowledge  of  the  actions  in  abnormal 
states  is  not  so  far  advanced — although  of  great  theoretical  as 
well  as  practical  significance.  Sometimes  the  actions  are  the 
same,  resulting  in  a  simple  algebraic  summation ;  but  it  is  known 
even  now  that  often  the  actions  differ  quantitatively  and  qualita- 
tively from  such  algebraic  summations.  Before  this  can  be  under- 
stood, empirical  data  must  be  accumulated.  This  laboratory 
has  for  some  time  been  engaged  on  this  study  along  various  lines. 
One  of  these  is  the  antagonism  and  synergism  of  drugs,  for  drugs 
form  one  of  the  readiest  means  of  inducing  definite,  analyzable 
alterations  in  functional  states.  It  may  be  hoped,  and  reason- 
ably expected,  that  knowledgie  so  gained  may  eventually  be  ap- 
plicable to  those  natural  alterations  in  functional  states  which 
constitute  disease.  In  the  present  investigation,  caffein  and 
alcohol  were  chosen,  because  they  are  supposed  to  have  opposite 
actions,  while,  from  their  chemical  nature,  their  point  of  attack 
on  the  cell  must  be  different. 
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Methods:  Cats  were  used  exclusively.  To  observe  the  effect 
of  caffein  on  different  degrees  of  alcoholic  intoxication,  alcohol 
was  administered  in  increasing  quantities  up  to  the  lethal  point; 
caffein  was  also  administered  in  increasing  quantities.  This 
constitutes  three  series  of  experiments:  alcohol  alone  (Part  I); 
caffein  alone  (Part  II);  and  the  two  combined  (Part  III);  the 
former  two  series  serving  as  ^^  controls"  for  the  latter. 

Ninety-five  per  cent  alcohol  was  employed  diluted  to  25  per 
cent  and  was  administered  by  stomach  tube;  the  data  will  be 
stated  as  cubic  centimeters  of  the  95  per  cent  alcohol  per  kg.  of 
animal.  In  one  series  the  alcohol  was  injected  into  the  perito- 
neal cavity. 

The  caffein  was  administered  as  a  1  per  cent  aqueous  solution 
of  the  free  base.  The  doses  always  mean  absolute  caffein. 
In  some  of  the  experiments  the  solution  was  given  by  the  stomach- 
tube;  in  the  alcohol  experiments  the  two  drugs  were  thus  intro- 
duced simultaneously.  In  an  equal  number  of  experiments,  the 
caffein  solution  was  administered  hypodermically,  after  the 
symptoms  of  alcoholic  intoxication  had  developed — usually 
within  fifteen  to  thirty  minutes.  Although  the  number  of  exper- 
iments in  each  series  was  too  limited  to  permit  positive  conclu- 
sions concerning  the  differences  between  the  gastric  and  hypo- 
dermic administration,  the  variations  as  observed  did  not  seem 
of  practical  importance  and  the  two  methods  will  not  be  separated 
in  the  reports. 

Animals  in  alcohol  narcosis,  when  not  in  actual  coma,  react 
to  hypodermic  injections  by  a  temporary  improvement  of  the 
narcosis.  This  reaction  does  not  seem  to  be  due  to  the  caffein, 
but  to  the  reflex  stimulation  from  the  local  irritation  of  the 
injection,  for  similar  improvement  follows  on  the  injection  of 
equal  quantities  of  simple  saline  solution  or  of  water. 

In  presenting  the  results,  I  shall  first  discuss  the  effects  of 
alcohol  and  of  caffein,  when  given  separately,  and  then  the 
effects  when  both  drugs  are  combined.  The  observations  were 
confined  mainly  to  the  following  functions:  Psychic,  motor, 
heart-rate  (per  ten  seconds),  respiratory  rate  (per  fifteen  seconds), 
temperature  (Centigrade)  and  mortality. 
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Under  the  term  "psychic"  will  be  presented  the  general  be- 
havior of  the  animals,  following  the  classification  of  Sollmann 
and  Hatcher  (1)  for  the  narcotic  effects: 

1.  Drowsiness. 

2.  Light  natural  sleep:  the  animal  slumbers  in  a  natural  position, 
and  is  easily  and  completely  roused,  as  by  a  heavy  step  on  the  floor. 

3.  Deep  natural  sleep:  the  animal  lies  ui  a  natural  position,  soundly 
asleep.  It  is  roused  only  by  rather  severe  stimuli,  and  then  incompletely, 
appearing  stupid,  and  dozing  again  verj^  quickly.  Forced  to  its  feet,  it 
is  verj'  clumsy  and  walks  with  a  stagger.     The  reflexes  are  nearly  normal. 

4.  Light  coma:  the  animal  lies  extended  on  its  side  or  belly,  relaxed, 
but  with  some  muscular  tone  remaining.  It  may  make  some  spontane- 
ous movements,  but  is  generally  unconscious.  It  responds  rather 
weakly  to  pain.     The  reflexes  are  generally  depressed. 

5.  Deep  coma:  the  animal  is  completelj"^  relaxed  and  anesthetic.  The 
reflexes  disappear,  the  corneal  reflex  persisting  until  rather  late. 

The  experiments  in  which  the  animals  vomited  are  not  included 
in  the  data  unless  otherwise  stated.  Vomiting  was  very  fre- 
quent with  the  larger  quantities  of  alcohol;  and  to  avoid  this 
alcohol,  7.5  cc.  per  kg.  was  administered  intraperitoneally  in 
one  series,  alone  and  combined  with  caff ein ;  but  this  was  f oimd  to 
be  uniformly  fatal. 

PART  I.   THE  EFFECTS  OF  ALCOHOL 

Psychic  or  narcotic  effects 

The  first  effect  of  alcohol  is  often  restlessness  or  slight  excite- 
ment, lasting  fifteen  to  thirty  minutes.  This  occurred  oftener 
with  the  smaller  quantities,  the  larger  doses  resulting  in  an  earUer 
narcotic  and  motor  depression.  With  4  cc.  per  kg.  the  maxi- 
mum narcotic  effect  was  usually  reached  within  an  hour;  with 
7.5  and  10  cc.  considerably  earlier;  with  7.5  cc.  intraperitoneally 
usually  within  ten  minutes. 

Alcohol — 0.5  cc.  per  kg.     One  experiment.     No  effect  was  observed. 
2.0  cc.  per  kg.     Four  experiments.     This  was  the  minimum  effective 
dose  and  produced  drowsiness  or  light  sleep  for  one  to  two  hours. 
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J^.O  cc.  per  kg.  Twelve  experiments.  Five  animals  passed  into  light 
to  deep  sleep;  six  were  in  light  coma  for  two  to  three  hours;  one  in  deep 
coma;, all  normal  in  twenty-four  hours. 

7.5  cc.  per  kg.  Five  experiments.  Three  animals  were  in  deep  coma 
through  five  hours;  two  of  these  were  normal  in  twenty-four  hours;  one 
in  Hght  sleep  on  the  second  day,  dying  on  the  fourth  day.  Of  the  other 
two,  one  was  in  light  coma  and  one  in  deep  sleep  during  the  day  with 
recovery  in  twenty-four  hours. 

10.0  cc.  per  kg.  Five  experiments.  All  were  in  deep  coma  during 
five  to  six  hours.  In  twenty-four  hours  there  was  one  complete  recovery; 
one  in  deep  sleep  with  recovery  on  the  third  day  but  with  death  on  the 
fourth  day;  one  made  no  recovery  from  coma,  dying  during  the  third 
night.  Two  animals  vomited,  and  of  these  one  died  in  twenty-four 
hours,  the  other  on  the  third  day  after  partial  recovery.  Other  animals 
vomited  and  recovered. 

7.5  cc.  per  kg.  intraperitoneally .  Three  experiments.  One  animal  was 
in  deep  coma  within  five  minutes  and  a  second  within  five  to  ten  minutes; 
the  third  became  sleepy  promptly,  but  coma  was  delayed  several  hours. 

Conclusion.  Alcohol  has  a  narcotic  effect  on  cats,  increasing 
quantitatively  with  the  dose;  2  cc.  per  kg.  is  about  the  minimum 
effective  dose,  producing  drowsiness  or  light  sleep.  With  4  cc, 
there  is  deep  sleep  or  light  coma.  Larger  doses,  7.5  to  10  cc, 
cause  deep  coma,  from  which  there  may  be  complete  recovery, 
or  recovery  may  be  temporary  with  death  later,  or  death  may 
ensue  without  improvement  from  the  coma. 

Motor  Effects.  The  motor  depression  seemed  to  come  on  earlier 
and  to  be  of  longer  duration  than  the  mental  depression.  Not 
infrequently  an  animal  would  be  seen  lying  down  with  head  erect 
apparently  paying  attention  to  its  surroundings,  but  practically 
unable  to  stand  when  disturbed ;  again  animals  in  sleep  from  which 
they  could  be  readily  aroused  would  be  unable  to  rise  to  their 
feet.  This  was  especially  noticeable  in  a  series  of  three  experi- 
ments in  which  two  animals  did  not  pass  beyond  light  sleep  and 
one  beyond  deep  sleep,  but  all  were  practically  unable  to  stand 
for  three  hours  and  still  displayed  considerable  incoordination 
in  five  hours.  Complete  motor  recovery  was  thought  to  have 
been  reached  when  an  animal  could  jump  from  a  table  without 
losing  its  balance. 
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The  number  of  experiments  with  each  dose  is  as  stated  under 
the ''Psychic  Effects." 

Alcohol — 0.5  cc.  per  kg.     No  effect  was  observed. 

2.0  cc.  per  kg.  Moderate  incoordination  for  three  or  four  hours,  with 
complete  incoordination  for  one  hour  in  one  experiment;  reflexes  slightly 
depressed. 

4.0  cc.  per  kg.  Incoordination  practically  complete  within  one  hour, 
with  improvement  in  two  or  three  hours  and  nearly  normal  in  six  hours; 
in  two  animals  the  incoordination  was  much  less  and  in  one  recovery 
was  delayed;  reflexes  greatly  depressed. 

7.5  cc.  per  kg.  Incoordination  complete  within  fifteen  or  thirty 
minutes  lasting  through  six  hours;  animals  still  weak  on  the  second  day. 
Two  animals  showed  occasional  rythmic  asymmetrical  movements  of 
the  legs;  reflexes  abolished. 

10.0  cc.  per  kg.  Incoordination  complete  through  six  hours.  One 
animal  was  about  normal  in  twenty-four  hours,  and  another  in  forty- 
eight  hours;  one  showed  no  recovery,  death  occurring  on  the  second 
night.  Two  animals  vomited  but  were  as  depressed  as  the  others. 
Rythmic  flexion  and  extension  of  the  legs  was  seen  in  one  animal  which 
recovered  and  in  one  which  died.     The  reflexes  were  abolished. 

7.5  cc.  per  kg.  intraperitoneally .  Two  animals  were  completely  ataxic 
in  two  or  three  minutes;  a  third  was  able  to  walk  fairly  well  for  twenty 
minutes,  becoming  ataxic  later;  the  reflexes  were  abolished  early. 

Conclusion.  Alcohol  causes  a  motor  depression  in  cats,  in- 
creasing with  the  dose.  Incoordination  or  ataxia  is  complete 
with  4  cc,  sometimes  with  2  cc.  This  depression  comes  on  more 
rapidly  and  recovery  is  delayed  more  than  the  psychic  depression, 
otherwise  the  two  run  fairly  parallel. 

Fatality  (see  tables  II  and  III,  page  285).  The  lethal  quan- 
tity of  alcohol  per  os  for  cats  lies  close  to  10  cc.  per  kg.;  although 
late  death  may  occur  exceptionally  with  smaller  doses.  7.5  cc. 
per  kg.  intraperitoneally  is  more  toxic  than  10.0  cc.  per  os.  Coma 
lasting  into  the  second  day  was  always  fatal,  although  apparent 
recovery  may  take  place  before  death.  This  observation  agrees 
with  a  statement  of  Cushny  (2)  and  Kunkel  (6)  that  persons  are 
said  rarely  or  never  to  recover  if  unconsciousness  lasts  longer 
than  ten  to  twelve  hours  after  the"  drinking  bout. 
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A  Icohol — 0.5  to  2.0  cc.  per  kg.    None. 

4.0  cc.  per  kg.  One  death  in  twelve  experiments.  Death  occurred 
the  next  morning  after  practicallj"  complete  recovery;  in  twenty-four 
hours  the  laboratory  assistant  said  this  cat  was  in  the  same  condition 
as  the  others  but  suddenly  went  into  a  fatal  convulsion.  This  death  is 
so  exceptional,  that  it  might  be  considered  an  accidental  fatahty. 

7.5  cc.  per  kg.  One  death  in  five  experiments  on  the  fourth  day  after 
partial  recovery. 

10.0  cc.  per  kg.  Four  deaths  in  five  experiments.  Two  deaths  oc- 
curred within  twenty-four  hours  with  no  recovery  from  coma  (one  of 
these  animals  vomited).  The  third  death  occurred  during  the  second 
night  after  partial  recovery  from  the  narcosis  but  almost  no  motor  im- 
provement. The  fourth  cat  was  still  quite  depressed  on  the  second  day 
but  seemed  normal  on  the  third  day,  excepting  a  4  per  cent  loss  in  weight ; 
but  it  was  found  dead  on  the  fifth  day.  The  one  recovery  animal  was 
normal  within  twenty  hours,  although  somewhat  weak. 

7.5  cc.  per  kg.  intraperitoneally .  In  three  experiments  death  ensued 
respectively  in  seventy  minutes;  two  to  three  hours,  and  over  night. 

Effects  on  the  heart  rate.  The  average  heart  rate  in  eighty- 
six  cats  was  33  per  ten  seconds  with  a  maximum  of  about  40,  and 
a  minimum. of  20.  This  average  is  probably  somewhat  higher 
than  the  normal  rate,  as  the  cats  were  usually  somewhat  restless 
w^hen  first  examined,  although  the  rate  was  not  taken  until  they 
apparently  became  quiet.  They  usually  became  accustomed  to 
handling.  To  count  the  rate,  a  stethoscope  was  used,  as  this  was 
found  to  be  much  more  exact  than  palpation;  with  a  rapid  heart 
palpation  was  quite  unsatisfactory. 

Alcohol — 0.5  cc.  per  kg.     In  one  experiment  no  effect  was  observed. 

2.0  cc.  per  kg.  The  average  of  the  counts  shows  a  decrease  in  rate  of 
two  to  six  beats  per  ten  seconds;  an  increase  (of  seven  per  ten  seconds) 
occurred  in  one  experiment  only,  at  the  third  hour.  The  slight  degree 
of  narcosis  could  readily  account  for  the  decrease  in  rate. 

4.0  cc.  per  kg.  The  averages  show  a  very  slight  increase  (2  per  ten 
seconds)  in  rate  at  the  third  hour  with  return  to  normal  at  the  fourth 
hour.  Eight  experiments  gave  an  increase,  three  no  change,  two  a 
decrease.  The  maximal  increase  was  from  30  to  37  per  ten  seconds;  the 
maximal  decrease  from  33  to  25,  at  the  first  hour  (AAl). 
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7.5  cc.  per  kg.  The  averages  show  a  decrease  of  2  to  3  beats  per  ten 
seconds  after  the  first  hour;  on  the  second  day  an  increase  from  34  to 
38  per  ten  seconds,  of  forty-eight  hours  duration.  The  maximal  in- 
crease was  from  38  to  41  at  the  fifth  hour  (IA5)  and  this  is  the  only  re- 
corded increase;  the  maximal  decrease  was  from  33  to  27  at  the  fifth 
hour  (FF2)  and  this  animal  gave  the  maximal  increase  (to  46)  on  the 
second  day. 

10.0  cc.  per  kg.  There  was  an  average  decrease  of  3  to  5  beats  per 
ten  seconds,  persisting  over  five  hours;  with  a  maximum  decrease  from 
36  to  21  at  the  second  and  third  hour  (IIA8);  the  maximum  increase  was 
from  31  to  37  at  the  second  hour  (IIAl)  and  but  three  increased  rates 
were  recorded.  In  twenty-four  hours  one  rate  was  decreased  nearly 
50  per  cent  (from  36  to  20) ;  one  was  unchanged;  one  was  increased  from 
28  to  47  per  ten  seconds. 

7.5  cc.  per  kg.  intraperitoneally .  In  two  animals  with  early  coma  and 
death,  the  rate  was  decreased  from  25  to  50  per  cent,  and  was  irregular; 
in  the  third  animal  (FF23)  the  rate  was  decreased  from  30  to  25  in  three 
hours  and  then  was  increased  to  36  per  ten  seconds. 

Conclusion.  With  small  quantities  of  alcohol  (2  to  4  cc.  per 
kg.)  the  heart  rate  may  be  unchanged  or  slightly  increased  or 
decreased;  with  quantities  (7.5  to  10  cc.  per  kg.)  leading  to  deep 
coma  for  several  hours  or  longer,  there  is  usually  a  decrease  in 
rate  of  2  to  5  per  ten  seconds  during  the  first  six  hours;  although 
there  exceptionally  may  be  a  much  more  marked  decrease.  With 
the  larger  quantities  there  is  a  marked  variation  in  rate  in  twenty- 
four  hours,  ranging  between  a  decrease  or  increase  of  50  per  cent 
or  no  change. 

Temperature.  The  effect  is  shown  in  the  accompanying  curve 
(fig.  I,  page  274).  The  rate  and  extent  of  the  fall  of  temperature, 
and  the  time  required  for  recovery,  increase  with  the  dose  of 
alcohol.  The  average  fall  for  successive  doses  may  be  stated 
as  0.75°  Centigrade,  in  two  hours  for  2  cc;  1.9°  in  three  hours 
for  4  cc. ;  2.8°  in  two  hours  for  7.5  cc. ;  and  3.8°  in  two  to  five  hours 
for  10  cc. 

Alcohol  2.0  cc.  per  kg.  The  average  loss  was  0.75°  in  two  hours  with 
recovery  in  about  four  hours;  the  maximum  loss  was  1.2°  and  the  mini- 
mum 0.2°. 
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Jf.O  cc.  per  kg.  The  temperature  falls  rapidly,  eight  experiments  show- 
ing an  average  loss  of  1,5°  in  one  hour.  The  fall  continues  to  the  third 
hour,  when  ten  experiments  show  an  average  fall  of  1.9°.  Recovery 
begins  usually  between  the  third  and  fifth  hours,  but  may  be  earlier  or 
somewhat  delayed.  The  normal  may  be  reached  in  five  to  six  hours ;  and 
all  the  temperatures  were  normal  in  twenty-four  hours.  The  greatest 
fall  recorded  was  3.1°  at  the  third  hour  (EEU).  The  smallest  fall 
(0.9°  at  the  end  of  the  first  hour)  was  shown  by  an  animal  (EEl)  which 
showed  a  subsequent  rise  of  0.8°  at  the  end  of  six  hours. 

7.5  cc.  per  kg.  The  loss  was  both  faster  and  greater  than  with  4.0 
cc.  The  average  fall  at  one  hour  was  2.1°,  and  at  two  hours  2.8°.  Re- 
covery started  before  the  fifth  hour  in  two  of  five  experiments.  The 
greatest  fall  recorded  was  of  4.0°  at  five  hours  (lAl) ;  the  smallest  of  2.4° 


Fig.  1.    Alcohol  on  Temperature 
(Alcohol  cc.  per  kg.) 

at  the  second  hour  (FF2) .  (Temperatures  were  not  taken  in  all  experi- 
ments between  the  second  and  fifth  hours,  or  greater  variations  might 
have  been  recorded.)  At  twenty-four  hours  two  temperatures  were 
normal,  two  subnormal  (  —  1.7°;  —0.9°)  and  two  above  normal  (1.2°;. 
0.9°). 

10.0  cc.  per  kg.  The  fall  continued  to  increase  in  rate  and  degree. 
The  average  was  2.4°  in  one  hour,  3.8°  in  two  and  five  hours.  In  two 
of  three  experiments  the  temperature  had  somewhat  recovered  at  five 
hours.  The  greatest  fall  was  7.5°  at  the  fifth  hour,  the  smallest  3.6°. 
In  twenty-four  hours  all  were  still  subnormal:  0.7°,  3.1°,  8.0°;  the  former 
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two  animals  recovered,  but  the  last  died.  In  experiments  with  death  on 
the  third  and  fourth  days,  the  temperature  was  normal  on  the  second  day. 
7.5  cc.  per  kg.  iniraperitoneally.  In  one  experiment  the  fall  was  4.3" 
in  five  hours;  the  animal  was  then  placed  in  a  hot  room  and  the  temper- 
ature was  normal  in  three  hours.     The  animal  died  during  the  night. 

Respiration.  Small  quantities  of  alcohol  (2  cc.)  cause  a  slight 
(15  per  cent)  increase  in  respiration,  lasting  for  two  or  three  hours; 
with  larger  quantities  (4  cc),  which  cause  narcosis  varying  from 
deep  sleep  to  deep  coma,  the  rate  is  about  doubled  during  the 
first  hour  with  gradual  return  to  normal  in  three  to  five  hours; 
with,  still  larger  quantities,  7.5  to  10.0  cc,  the  rate  is  usually 
increased  for  several  hours,  but  it  may  be  unchanged. 

Alcohol — 2  cc.  per  kg.  Two  animals  showed  an  increase,  one  no  change, 
and  one  a  decrease.  The  average  of  the  four  experiments  shows  a 
slight  increase  (from  6  to  7  per  quarter  minute)  for  two  hours,  with 
return  to  normal  in  the  third  hour. 

4  cc.  per  kg.  Seven  animals  all  showed  a  marked  increase.  In  six 
of  these,  the  average  rate  rose  from  6  to  12  (per  quarter  minute)  at  the 
second  hour.  In  the  seventh,  the  increase  was  from  7  to  30.  In  three 
hours  the  rate  was  again  practically  normal. 

7.5  cc.  per  kg.  Three  animals  gave  a  50  per  cent  increase  (from  8  to 
12  per  fifteen  seconds)  for  practically  three  hours,  with  return  to  normal 
in  five  hours.  Only  one  experiment  gave  a  slight  decrease  after  the 
second  hour. 

10  cc.  per  kg.  Two  experiments.  In  one  the  rate  was,  8,  12,  15,  9 
at  1,  3,  5,  24  hours,  in  the  other  the  rate  was,  3  to  4,  3  to  4,  3  to  4,  2 
to  3,  at  1,  3,  5,  24  hours.  This  gives  an  average  slightly  above  normal 
during  the  day  but  below  normal  in  twenty-four  hours. 

7.5  cc.  per  kg.  intraperitoneally.  In  one  experiment  the  respiration 
was  greatly  slowed  and  gasping,  8  per  minute;  in  a  second  it  became  im- 
perceptible in  ten  minutes  and  then  returned  to  normal  (animal  was  not 
seen  at  death);  in  the  third  the  rate  was  increased  at  the  second  hour 
and  then  returned  to  normal. 

PART  II.   SUMMARY  OF  THE  EFFECTS  OF  CAFFEIN 

The  caffein  was  administered  in  5,  15,  30,  60,  120  and  200  mg. 
doses  (per  kg.).     The  results  with  hypodermic  and  gastric  admin- 
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istration  offered  no  practical  differences  and  will  not  be  distin- 
guished in  this  summary.  To  avoid  the  interference  of  vomit- 
ing, the  120  and  200  mg.  doses  were  given  hypodermically  only. 

Psychic  effects 

Non-fatal  doses  of  caffein  cause  only  wakefulness  and  increased 
irritability.  In  fatal  experiments  there  is  excitement,  varying 
in  degree  from  slight  restlessness  to  intense  excitement;  followed 
in  either  case  by  convulsions. 

Caffein — 5  to  30  mg.  per  kg.  There  were  four  experiments  with  5  mg.; 
four  with  15  mg.;  three  with  30  mg.  During  six  hours  all  the  animals 
remained  wakeful;  one  15  mg.  animal  was  seen  to  doze  occasionally; 
one  animal  was  restless  before  receiving  15  mg.  per  kg.,  which  did  not 
increase  the  restlessness;  they  were  thought  to  be  a  little  more  irritable 
than  normally;  no  other  effects  could  be  observed. 

60  mg.  per  kg.  Eight  experiments.  Four  animals  were  in  poor  con- 
dition from  distemper;  three  of  them  were  drowsy  most  of  the  time  and 
one  was  somewhat  restless,  walking  about  the  cage  for  two  hours  and 
then  becoming  quieter.  Four  animals  were  in  good  condition;  two  of 
these  were  restless  and  quarrelsome  for  two  or  three  hours  and  were 
then  quiet;  one  was  quiet  at  all  times;  one  restless  for  two  hours  and  was 
found  in  rigor  mortis  at  four  hours. 

120  mg.  per  kg.  Seven  experiments.  Four  animals  had  distemper 
and  were  in  poor  condition;  of  these,  one  died  in  one  hour,  in  convul- 
sions, after  a  period  of  restlessness.  Of  the  three  healthy  animals  one 
died  in  thirty-five  minutes  (death  not  seen).  All  the  others  were  rest- 
less for  two  or  three  hours  and  rather  quarrelsome,  and  then  were  quieter 
but  wakeful.  There  was  no  excitation  such  as  is  caused  by  morphin. 
Salivation  was  common. 

200  mg.  per  kg.  One  experiment  intraperitoneally:  The  animal 
shortly  became  excited  as  with  naorphin,  rushed  about  the  cage  and  ran 
into  the  sides  of  the  cage,  eyes  wide  open  and  ''glaring,"  salivation,  con- 
tinued crying;  death  from  one  convulsion  in  twenty  minutes. 

One  experiment  by  stomach.  The  animal  became  slightly  excited, 
with  death  in  fifteen  or  twenty  minutes  from  one  convulsion. 

One  experiment  by  stomach  with  0.5  cc.  per  kg.  alcohol.  The  animal 
was  wide  awake  but  remained  quiet;  death  in  forty  minutes  from  one 
convulsion  when  picked  up  for  examination. 
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Two  experiments,  one  hypodermatically  and  one  intraperiton^lly 
in  which  the  animals  were  in  deep  coma  from  alcohol  10  cc.  per  kg.  and 
had  vomited.  One  died  in  just  twenty-four  hours  and  the  other  in 
two  hours,  neither  improving  from  deep  coma. 

One  experiment  intraperitoneally  in  which  animal  was  somewhat 
depressed  by  alcohol  (had  vomited).  This  animal  became  restless; 
•death  in  three  hours  from  convulsions. 

Motor  Effects.  Caffein  increases  the  reflex  excitability.  This 
irritability  was  slight  with  small  doses  and  increased  roughly 
with  the  dose;  in  lethal  quantities  death  ensued  during  the  con- 
vulsions. There  may  be  marked  activity  before  the  onset  of 
convulsions,  but  this  occurred  in  but  one  of  four  deaths. 

With  5, 15  and  30  mg.  doses  the  reflexes  were  more  active,  verj^  shghtly 
so  with  the  smaller  doses;  no  other  abnormalities  observed. 

With  60  and  120  mg.  doses  the  reflexes  were  markedly  increased  dur- 
ing the  day,  but  the  animals  were  handled  carefully  to  avoid  causing 
convulsions. 

The  one  death  with  60  mg.  was  not  seen.  One  of  the  two  deaths  with 
120  mg.  was  seen  and  presented  the  following  phenomena: 

Experiment  PI, — Caffein  120  mg.:  9:30  a.m.  Cat  received  120  mg. 
per  kg.  hypodermatically. 

Thirty  minutes — Has  been  somewhat  restless  but  otherwise  normal. 

Sixty  minutes — Restless,  but  is  now  lying  down,  has  just  stood  on  all 
fours  and  is  trembling  violently;  back  arched  and  head  thrown  backward; 
turned  a  "forward  sommersault;"  legs  moving  rapidly  and  incoordi- 
nately;  hair  erect;  salivation.  General  incoordinate  convulsions,  very 
fine,  lasting  two  or  three  minutes;  is  now  lying  on  its  side  breathing  deeply 
and  rapidly,  preventing  heart  observations. 

Eighty  minutes.  Animal  went  into  a  less  severe  convulsion  of  2  min- 
utes duration.  Shortly  a  third  convulsion;  respiration  ceased,  heart 
beating  regularly  for  one  minute;  then  one  respiratory  gasp  and  heart 
became  irregular,  continuing  to  beat  for  sixty  seconds. 

With  200  mg.  per  kg.  One  of  three  animals  became  very  active  as 
was  described  above  under  "psychic  effects;"  two  others  went  into 
convulsions  without  previous  marked  motor  excitation. 

Heart  rate.  With  sma,ll  doses  caffein  may  cause  a  slightly 
increased  heart  rate;  with  increasing  doses  the  rate  increases  up 
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to  a  maximum  of  50  or  more  per  ten  seconds.  This  maximum  rate 
was  not  attained  with  120  mg.  in  two  normal  animals,  but  was 
attained  by  two  of  four  animals  with  60  mg.  and  with  120  mg.  in 
three  of  three  animals,  all  of  which  were  in  poor  condition  from 
distemper.  It  would  seem  then  that  reduced  vitality  renders 
the  heart  more  susceptible  to  large  doses  of  caffein.  With  large 
doses — 30  mg.  and  up — the  heart  rate  is  increased  by  roughness 
in  handling.  No  irregularities  were  observed  with  any  of  these 
quantities  except  with  the  onset  of  convulsions. 

Caffein — 5  mg.  per  kg.  Four  experiments.  There  was  practically 
no  effect ;  two  experiments  showed  no  change  in  rate ;  one  showed  a  slight 
increase  (maximum  from  21  to  26  per  ten  seconds) ;  one  showed  a  slight 
decrease  (maximum  from  32  to  28). 

15  mg.  per  kg.  Four  experiments.  All  showed  a  slight  decrease  in 
rate  in  one  hour  (an  average  from  31  to  29),  and  then  return  to  normal. 

30  mg.  per  kg.  Three  experiments.  During  the  first  hour  the  rate 
was  unchanged,  and  then  all  gave  an  increase  reaching  a  maximum 
(from  26  to  32)  at  the  second  hour,  remaining  at  that  rate  during  seven 
hours  and  returning  to  normal  in  twenty-four  hours.  Rough  handling 
caused  an  increased  rate  somewhat  greater  than  in  the  normal  animal. 

60  mg.  per  kg.  Four  experiments  on  normal  animals.  The  averages 
show  an  increase  in  rate  (from  25  to  27  or  28  per  ten  seconds)  in  one  hour 
and  persisting  for  five  hours.  Three  were  normal  in  twenty-four  hours 
and  one  was  not  normal  until  forty-eight  hours.  The  maximum  in- 
crease was  from  22  to  35;  the  maximum  decrease  from  32  to  27  at  the 
second  hour,  with  death  in  three  hours. 

Four  experiments  on  animals  in  poor  condition  from  distemper:  The 
average  initial  rate  was  39  per  ten  seconds.  In  two  animals  the  rate  was 
increased  to  about  50  in  one  hour;  one  of  these  remained  at  this  point 
during  seven  hours  and  became  normal  in  twenty-four  hours;  the  second 
gradually  returned  to  normal  in  seven  hours.  In  the  other  two  animals 
the  increase  was  less  marked.  In  either  series,  any  roughness  in  hand- 
ling caused  a  markedly  increased  heart  rate,  much  more  than  is  seen  in 
animals  that  have  not  received  caffein. 

120  mg.  per  kg.  Three  experiments  with  animals  in  poor  condition 
gave  about  the  same  results  as  with  60  mg.  The  rate  increased  to  about 
50  per  ten  seconds  and  this  rate  was  maintained  for  some  hours;  the 
normal  not  being  restored  till  the  second  day  in  one  animal,  the  third 
day  in  the  others. 
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Two  experiments  with  normal  animals:  In  these  the  increase  was 
somewhat  less,  with  return  to  normal  on  the  second  day.  Again  rough- 
ness in  handling  greatly  quickened  the  rate.  The  120  mg.  dose  caused 
a  more  marked  and  more  persistent  increase  in  rate  than  the  60  mg.  dose. 
There  were  no  irregularities  observed  except  with  the  onset  of  convul- 
sions. 

200  mg.  per  kg.  The  animals  were  not  examined  lest  convulsions  be 
brought  on. 

Temperature  (see  table  I,  page  279).  All  quantities  gave  an 
increase  in  temperature  usually  reaching  its  maximum  in  four 
hours.  The  maximal  temperature,  with  doses  between  15  and 
120  mg.  per  kg.,  was  from  0.8°  to  2.0°  above  the  normal,  the  aver- 
age maximal  rise  being  about  1.5°.  Recovery  of  the  temperature 
started  before  six  hours  and  was  complete  by  twenty-four  hours. 


FABLE 

I 

Caffein  on  temperature. 

Average  rise  in 

degrees 

Centigrade 

HOURS 

' 

1 

i 

NUMBER    OF 
EXPERIMENTS 

MAXIMUM 

D08E   MG.  PER   KG. 

2 

4 

6 

24 

MINIMUM 

5 

4 

0.5 

0.6 

0.5 

0 

0.9 

0.2 

15 

4 

0.7 

1.2 

0.9 

0 

1.5          ; 

0.9 

30 

3 

1.0 

1.1 

1.0 

0 

1.9 

0.4 

60  well 

3 

0.7 

1.5 

0.8    ; 

0 

2.0          1 

1.0 

60  sick 

4 

0.95 

1.1 

0.7    i 

0   1 

1.5          i 

1.0 

120  well 

2 

0.9 

1.6 

1.5 

0 

1.9 

1.3 

120  sick 

3 

1.1 

0.95 

0.8 

0 

1.6 

0.8 

The  accompanying  table  (I)  shows  that  wdth  60  and  120  mg.  the 
rise  is  but  slightly  greater  than  with  15  mg.  per  kg.,  but  is  main- 
tained somewhat  longer  with  120  mg.  With  60  and  120  mg.  the 
rise  was  somewhat  greater  with  well  than  with  distemper  animals, 
although  the  original  temperature  was  practically  the  same. 

From  a  survey  of  the  literature,  it  would  appear  that  cats  are 
especially  susceptible  to  the  h^^perpyretic  action  of  caffein. 
Thus,  Cushny  (2)  states  that  caffein  raises  the  temperature  by 
0.5  to  1°,  but  only  when  almost  poisonous  doses  are  readied. 
Binz  (8)  found  a  rise  of  0.6°  with  moderate,  non-convulsive  but 
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toxic  doses,  and  a  rise  of  1  to  1.5°  with  doses  which  caused  mus- 
cular rigidity.  Our  cats  showed  a  rise  of  0.6°  with  5  mg.  per  kg., 
a  dose  far  removed  from  the  toxic,  (which  would  correspond  to  5 
grains  for  a  130  pound  man);  they  also  showed  an  average  rise 
of  over  one  degree  with  15  mg.,  which  do  not  cause  muscular 
rigidity. 

Rate  of  respiration.  With  quantities  up  1o  15  mg.  per  kg., 
caffein  had  no  effect  on  the  respiratory  rate;  with  larger  quanti- 
ties the  rate  was  somewhat  increased  for  two  to  three  hours,  with 
an  average  maximum  increase  of  about  30  per  cent  with  120 
mg.  per  kg. 

The  number  of  experiments  with  the  different  doses  has  been  given 
above.     (Heart.) 

5  mg.  per  kg.  The  respiration  was  practically  not  affected;  in  no 
animal  did  the  rate  vary  more  than  cne  per  quarter  minute. 

15  mg.  per  kg.  The  average  rate  was  unchanged;  in  two  experiments 
there  was  a  slight  increase  and  in  one  a  similar  decrease. 

30  mg.  per  kg.     The  average  rate  was  unchanged. 

60  mg.  per  kg.  In  four  experiments  on  sick  animals  there  was  a  slight 
average  increase  (2  per  minute)  during  two  hours.  In  two  normal  ani- 
mals on  a  very  hot  day,  the  rate  was  somewhat  increased  in  one  and 
decreased  in  the  other  (from  12  to  15  and  from  9  to  7  per  fifteen  seconds). 

ISO  mg.  per  kg.  Three  distemper  and  one  normal  animal  all  gave  an 
average  increase  from  5  to  7,  6  and  6  per  fifteen  seconds,  in  one,  two  and 
three  hours,  with  a  normal  rate  in  four  hours;  the  rate  in  the  normal 
animal  was  slightly  greater.  In  one  animal  on  a  very  hot  day  the  rate 
was  increased  greatly,  from  12  to  15  per  fifteen  seconds,  to  25  to  30  dur- 
ing three  hours  with  return  to  normal  in  six  hours. 

Fatality  (see  tables  II  and  III  page  285).  Caffein  5-30  mg. 
per  kg.:  No  fatality  in  eleven  experiments;  60  mg.  per  kg.:  one 
fatality  in  eight  experiments;  120  mg.  per  kg.:  two  fatalities  in 
seven  experiments;  200  mg.  per  kg.:  three  fatalities  in  three 
experiments;  and  also  three  of  three  animals  that  had  received 
non-fatal  doses  of  alcohol. 

Fatal  dose.  No  attempt  was  made  to  determine  the  ''just 
lethal"  quantity  pf  caffein;  the  one  death  in  eight  with  60  mg. 
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and  two  in  seven  with  120  mg.  shows  that  it  must  varj^  witjiin 
fairly  wide  Umits.  The  average  lethal  point  probably  lies  a  little 
above  120  mg.  per  kg.  In  view  of  the  increasing  heart  rate  and 
cardiac  irregularities  (to  be  discussed  later),  the  extreme  cardiac 
dilatation,  and  the  arterial  color  of  the  blood  post  mortem,  it 
would  seem  that  cardiac  failure  was  the  cause  of  death  in  caffein 
poisoning.  Asphyxia  cannot  be  the  cause  of  this  cardiac  dilata- 
tion as  the  blood  would  be  venous. 

Salant  and  Rieger  (3)  state  that  0.15  to  0.155  grams  per  kg. 
caffein  administered  subcutaneously  to  cats  produced  symptoms 
in  ten  to  fifteen  minutes  and  death  in  a  little  over  an  hour. 

Connection  with  convulsions.  Of  four  deaths  from  caffein  which 
were  seen  all  were  during  convulsions,  and  from  the  appearance 
of  the  cage  two  others  also  died  in  convulsions.  With  one  excep- 
tion the  convulsions  were  apparently  spontaneous,  in  the  one 
exception —200  mg. — the  animal  went  into  convulsions  when 
picked  up  for  examination. 

The  con\Tilsions  were  always  fatal.  The  three  200  mg,  animals 
each  had  but  one  attack;  the  single  120  mg.  death  had  several 
attacks. 

Influence  of  distemper  on  the  fatality.  The  animals  receiving 
the  60  and  120  mg.  doses  were  about  equally  divided  between 
good  and  poor  condition,  yet  two  of  three  fatalities  were  among 
those  in  good  condition.  Although  the  experiments  were  some- 
what limited  in  number,  it  might  be  inferred  that  a  somewhat 
low  vitahty  does  not  render  the  animal  hypersusceptible  to  fatal 
doses  of  caffein. 

Four  caffein  animals  (three  with  2Q0  mg.  and  one  with  120 
mg.)  were  autopsied  immediately  after  death;  in  all  these  the 
heart  was  dilated  to  the  capacity  of  the  pericardial  sac ;  all  cham- 
bers were  dilated;  the  lungs  were  normal  in  color  and  the  blood 
bright  red,  although  in  one  experiment  the  respiration  had  ceased 
before  the  heart.  In  a  second  experiment  the  heart  stopped 
before  the  respiration. 

In  fatalities  from  caffein  alone  and  combinedwith  alcohol  cardiac 
rigor  may  ensue  very  early,  especially  in  the  left  ventricle  which 
was  frequently  observed  to  be  contracted  to  obliteration  of  its 
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cavity,   shortly  after  death.     The  right  ventricle  and  auricles 
were  never  seen  contracted. 

PART   III.      ALCOHOL   AND    CAFFEIN   COMBINED 

Psychic  and  motor  effects 

Alcohol  alone  being  a  psychic  and  motor  depressant,  and  caffein 
alone  a  stimulant,  one  would  expect  their  combination  to  result 
in  typical  antagonism.  In  fact,  however,  this  is  very  limited, 
and  restricted  to  relatively  small  doses  of  alcohol  (to  4  cc),  and 
of  caffein  (to  30  mg.).  With  larger  doses  of  alcohol,  small  doses 
of  caffein  are  ineffective,  and  larger  doses  (above  30  mg.)  are 
synergistic. 

Small  quantities  of  alcohol  (2.0  cc.)  appear  not  to  be  affected 
by  small  doses  of  caffein,  up  to  10  mg.  but  the  symptoms  are  not 
sufficiently  definite  to  secure  conclusions.  On  the  contrary, 
small  doses  of  alcohol,  even  2  cc,  increase  the  toxicity  of  large 
doses  of  caffein,  60  to  120  mg. 

The  depression  of  large  doses  of  alcohol  (10.0  cc.)  is  increased 
by  caffein  in  small  or  large  doses  (from  5  to  60  mg.).  This  is 
also  true  of  alcohol  7.5  cc,  except  that  depressant  symptoms  are 
sometimes  temporarily  obscured  by  excitement. 

With  moderate  quantities  of  alcohol  (4.0  cc.)  caffein  2  to  15 
mg.  usually  lessens  the  narcosis  and  hastens  recovery,  (but  occa- 
sionally it  may  increase  the  initial  narcosis).  The  larger  of  these 
doses  are  the  more  effective:  30  mg.  also  hasten  recovery  but  do 
not  effect  the  initial  narcosis;  60  mg.,  hypodermically,  improve 
the  symptoms,  but  add  to  the  toxicity.  The  same  dose  by  stom- 
ach greatly  increases  the  narcosis  and  adds  to  the  toxicity. 

The  effect  of  caffein  on  the  motor  incoordination  agrees  essen- 
tially with  the  psychic  effect;  when  the  narcosis  was  improved 
the  incoordination  was  earlier  recovered  from,  and  vice  versa. 
With  the  larger  doses  of  caffein,  causing  excitation,  the  motor 
depression  was  largely  removed  although  the  animals'  movements 
were  not  purposeful,  the  animals  moving  rapidly  to  and  fro  in 
the  cages.  The  reflexes  remain  depressed  in  the  excited  state, 
there  being  usually  no  pain  sensation  present. 
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The  rythmic  involuntary  partial  flexion  and  extension  of  the 
legs  and  flapping  of  the  tail,  mentioned  in  the  alcohol  series,  was 
observed  a  little  more  frequently  in  this  series,  in  four  of  ten  ex- 
periments with  7.5  and  10.0  cc.  of  alcohol  alone  and  thirteen  of 
twenty-three  experiments  with  the  alcohol  plus  various  doses  of 
caffein. 

Alcohol — 2.0  cc.  per  kg. 

Caffein — 2,  5,  10  mg.  per  kg.  Four  experiments  in  all.  Caffein  had 
no  influence  on  the  drowsiness  or  light  sleep  of  the  alcohol. 

60  mg.  per  kg.  Three  experiments.  There  was  no  narcosis  in  these' 
animals  nor  in  one  control;  however,  other  controls  were  slightly  narcot- 
ized by  2  cc.  Caffein  60  mg.,  therefore,  probably  removes  the  narcosis 
of  small  quantities  of  alcohol. 

120  mg.  per  kg.  Two  experiments.  One  animal  was  greatly  excited 
as  with  morphin  until  death  ensued  in  two  hours;  the  second  went  into 
convulsions  in  thirty  minutes  without  previous  excitation. 

Alcohol — 4-0  cc.  per  kg. 

Caffein — 2  mg.  per  kg.  Two  experiments.  There  seemed  to  be  slight 
improvement. 

5  mg.  per  kg.  Seven  experiments  in  two  series.  In  series  A,  four  ex- 
periments, the  narcosis  was  somewhat  less  and  recovery  earlier  than  with 
two  controls;  in  series  B,  three  experiments,  the  narcosis  was  deeper 
for  two  hours  than  that  of  the  two  controls,  but  recovery  was  earlier.* 

lo  mg.  per  kg.  Two  experiments.  The  narcosis  was  replaced  by 
excitation. 

30  mg.  per  kg.  Three  experiments.  The  initial  narcosis  was  not 
lessened  and  in  one  animal  it  was  even  increased  and  death  ensued  in 
seventy  minutes.  The  two  survivals  recovered  before  the  controls, 
but  were  excited. 

60  mg.  per  kg.  Four  experiments.  In  one  experiment  the  narcosis 
was  greatly  deepened  with  death  in  forty  minutes;  in  three  experiments 
the  animals  became  excited  and  died  within  2  hours.  One  animal  died 
in  convulsions. 

Alcohol — 7.5  cc.  per  kg. 

Caffein — 5  mg.  per  kg.  Three  experiments.  There  was  no  effect 
on  the  narcosis  in  two;  in  the  third  excitation  replaced  the  narcosis. 
Recovery  was  not  influenced. 
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15  mg.  per  kg.  Four  experiments.  There  was  no  improvement  and 
possibly  the  narcosis  was  increased. 

30  mg.  per  kg.     Two  experiments.     The  narcosis  was  increased. 

60  mg.  per  kg.  Two  experiments.  The  narcosis  was  probably  in- 
creased. 

Alcohol — 10.0  cc.  per  kg. 

5,  15,  30  and  60  mg.  doses  of  caffein.  Ten  experiments  in  all,  the  nar- 
cosis was  deepened.    With  one  10  mg.  dose,  there  was  no  effect. 

Alcohol  7.5  cc.  per  kg.  intraperitoneally.  Six  experiments:  Caffein 
from  2  to  30  mg.  had  no  effect  on  the  narcosis. 

Binz  (4)  states  that  the  alcohol  narcosis  is  relieved  by  caffein. 
He  cites  but  one  experiment:  Two  puppies  received  about  10 
cc.  per  kg.  of  alcohol  hypodermically  in  divided  doses;  after  com- 
plete narcosis  one  received  caffein,  about  50  mg.,  subcutaneously 
and  the  animal  became  excited  in  three  minutes;  both  recovered 
completely. 

In  this  series  such  large  doses  were  exceedingly  dangerous; 
but  not  infrequently  in  these  experiments  animals  which  had 
received  smaller  doses  of  alcohol  became  similarly  excited  after 
caffein ;  cats  and  dogs  may  react  differently. ' 

The  majority  of  the  texts  in  pharmacology  or  toxicology  Binz, 
Cushny,  Heinz,  Kionka,  Robert,  Lewin,  SoUmann  and  Von  Jaksch 
recommend  caffein  or  coffee  infusion  in  alcohol  poisoning.  Our 
results  show  that  the  recommendation  is  justified  for  the  lighter 
grades  of  alcoholic  intoxication,  but  as  Kunkel  (6)  correctly  states, 
not  much  is  to  be  expected  from  caffein  in  severe  alcoholic  intox- 
ication, indeed,  it  would  then  be  deleterious. 

In  our  class  work,  we  often  have  seen  the  remarkable  reviv- 
ant  effects  of  hypodermic  injections  of  caffein  (20  mg.)  on  rabbits 
in  alcohol  narcosis  (6  cc.  per  kg.).  The  improvement  is  imme- 
diate and  striking,  perhaps  more  so  than  in  cats,  but  as  has  been 
pointed  out,  the  improvement  is  largely  reflex,  and  this  probably 
also  applies  to  the  much  quoted  experiment  of  Binz. 

Fatality.  The  fatality  rate  of  alcohol  and  caffein  alone  and 
combined  is  presented  in  the  following  tables  (II  and  III).  With 
alcohol  4.0  cc,  the  one  fatality  recovered  from  the  acute  intoxi- 
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TABLE  II 
Fatality,  alcohol  and  caffein;  alone  and  combined 


NUMBER   OF 
EXPERIMENTS 


e.c.  per  Kg, 

4 

7.5 
10 

7.5 
Intra  per 


mg,  per  Kg, 


12 
5 
5 
3 


60 

8 

1 

120 

7 

2 

200 

3 

3 

2 

60 

3 

0 

2 

120 

2 

2 

4 

30 

3 

2 

4 

60 

4 

4 

7.5 

30 

2 

1 

7.5 

60 

2 

2 

10 

5-15 

6 

6 

10 

30 

2 

2 

10 

60 

2 

2 

7.5 

2-30 

6 

6 

Intra  per 

TABLE  III 
Percentage  fatality,  alcohol  and  caffein  alone  and  combined 


CUBIC  CENTIMETERS 


ALCOHOL 

INTBAPE 

0 

2 

4 

7.5 

10 

TONEAL 

7.5 

caffein  mg. 

0 

0 

0 

i      8.3 

20 

80 

ion 

5-15 

0 

0 

0 

i    (8.3) 

0 

(20) 

100 

(80) 

100 

30 

0 

j    66.7 

1     (8.3) 

50 

(20) 

100 

(80) 

100 

60 

14.3 

0 

100 

100 

100 

(14.3) 

(14.3) 

(34.3) 

(94.3) 

120 

28.6 

100 

(28.6) 

. 

200 

100 

Alcohol  from  left  to  right  in  cubic  centimeters  per  kilogram;  caffein  downward  in 
milligram  per  kilogram.  Figures  represent  the  percentage  fatality;  figures  in 
parenthesis  equal  the  theoretical  fatality,  namely  the  sum  of  the  percentage  fatal- 
ity of  caffein  and  alcohol  alone;  for  instance:  The  percentage  fatalitj'  of  7.5  cc. 
alcohol,  when  given  alone  is  20;  the  percentage  fatality  of  60  mg.  of  caffein  is  14.3. 
The  sum  of  these  (20  plus  14.3  =  34.3)  would  be  the  theoretical  fatality. 
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cation  but  died  after  struggling  on  the  following  morning.  With 
the  two  combined  the  fatality  begins  with  alcohol  4.0  cc,  caffein 
30  mg.,  and  with  alcohol  7.5  cc,  caffein  30  mg. ;  alcohol  10  cc.  and 
caffein  in  any  dose  was  fatal,  nor  was  death  delayed  with  any 
dose. 

Alcohol  7.5  cc.  intraperitoneally  was  a  surely  fatal  dose  and 
caffein  in  any  dose  did  not  retard  the  fatal  outcome. 

Conclusion.  Alcohol  and  caffein  do  not  reduce  the  toxicity 
of  each  other  in  any  dose;  on  the  contrary,  there  is  more  than 
algebraic  summation.  Death  occurs  with  less  than  one-half  the 
fatal  dose  of  each  when  given  together;  or  when  the  sum  of  the 
percentage  fatality  is  only  14.3  per  cent,  the  combined  fatality 
is  100  per  cent.  (The  percentage  fatality  is  the  percentage  of 
deaths  with  a  given  dose  of  alcohol  or  caffein  alone  as  deduced 
from  this  table;  the  combined  fatality  is  the  percentage  of  deaths 
with  alcohol  and  caffein  combined). 

To  learn  in  how  far  the  narcosis  and  motor  depression  of  alcohol 
might  influence  the  onset  of  the  fatal  symptoms  in  caffein  death, 
200  mg.  per  kg.  were  administered  to  each  of  two  animals  in  deep 
coma  from  alcohol  10  cc,  but  which  had  vomited,  and  to  one  ani- 
mal less  deeply  narcotized.  Death  was  delayed  to  three,  five  and 
twenty-four  hours,  (while  with  caffein  alone  three  experiments 
were  fatal  within  twenty  minutes) .  It  seems  therefore  that  alco- 
hol narcosis  delays  death  by  caffein,  but  the  absolute  fatality  of 
caffein  is  increased  by  alcohol,  as  was  pointed  out  above. 

All  the  caffein  animals  died  during  or  following  convulsions; 
the  alcohol  animals  in  coma.  In  the  ''combined"  death  there 
may  or  may  not  be  convulsions ;  with  alcohol  4,  -|-  caffein  60,  four 
deaths  were  witnessed,  of  which  two  were  without  and  two  with 
convulsions ;  one  animal  with  alcohol  4,  +  caffein  30,  died  without 
convulsions.  As  with  the  caffein  alone,  so  with  alcohol  and  caffein 
combined  cardiac  failure  seems  to  be  the  determining  cause  of 
death,  judging  by  the  frequency  of  irregularities,  the  cardiac 
dilation  and  the  arterial  condition  of  the  blood  post  mortem. 

Heart  rate.  As  alcohol  alone  has  little  effect  on  the  heart  rate 
the  results  will  be  arranged  and  discussed  in  the  order  of  the  dos- 
age of  caffein. 
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Caffein  2-5  mg.  per  kg. :  Caffein  up  to  5  mg.  has  no  effect  on 
the  heart  rate;  combined  with  very  small  (2  cc.)  and  very  large 
(10  cc.)  doses  of  alcohol  the  rate  agrees  with  alcohol  alone;  with 
moderate  (4  cc.)  and  large  (7.5  cc.)  doses  the  rate  is  considerably 
increased. 

Alcohol— 2  cc.  per  kg.  Four  experiments  (including  one  with  10  mg.) 
of  caffein.  The  rate  was  somewhat  decreased  agreeing  with  that  of 
alcohol  alone. 

Alcohol — 4  CO.  per  kg.  Nine  experiments.  The  rate  was  gradually 
increased  to  an  average  maximum  from  30  to  35  per  ten  seconds. 

7.0  cc.  per  kg.  Three  experiments.  A  somewhat  greater  increase  in 
rate  than  with  alcohol  4  cc.  (from  29  to  37-8). 

10.0  cc.  per  kg.  Three  experiments  (one  with  10  mg.).  The  rate  was 
decreased  as  with  alcohol  10  cc.  alone. 

7.5  cc.  per  kg.  intraperitoneally.  Four  experiments.  In  two  the  rate 
was  somewhat  slowed  during  the  day;  in  two  there  were  irregularities 
and  decrease  in  rate;  this  agrees  wdth  the  alcohol. 

Caffein — 15  mg.  per  kg.  Caffein  15  mg.  has  no  effect  on  the 
heart  rate;  with  very  large  doses  of  alcohol  the  rate  again  agrees 
with  that  of  alcohol  alone;  with  moderate  doses  the  rate  is  un- 
changed and  with  larger  doses  is  increased. 

Alcohol — 2.0  cc.  per  kg.     No  experiments. 

4.0  cc.  per  kg.  Two  experiments.  The  average  rate  was  unchanged 
except  for  a  slight  increase  in  twenty -four  hours;  one  rate  was  slightly 
increased  and  one  decreased. 

7.0  cc.  per  kg.  Two  experiments.  The  rate  was  increased  5  to  6 
during  the  day;  two  animals  that  vomited  also  gave  an  increased  rate. 

10.0  cc.  per  kg.  Three  experiments.  The  rate  was  decreased  slightly 
for  one  hour  and  then  returned  to  normal  in  two  hours,  and  gradually 
became  somewhat  slower  (animals  died  during  the  night). 

7.5  cc.  per  kg.  intraperitoneally.  One  experiment.  The  rate  remained 
unchanged  until  shortly  before  the  fatal  slowing. 

Caffein — 30  mg.  per  kg.  With  caffein  30  mg.  the  rate  is  in- 
creased, with  no  irregularities ;  combined  with  alcohol  in  moderate 
doses  and  above,  the  heart  frequently  becomes  irregular  in  rate 
and  rythm;  the  rate  may  be  increased  or  decreased,  usually  de- 
creased with  the  larger  doses. 
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Alcohol — S.O  cc.  per  kg.     No  experiments. 

4-0  cc.  per  kg.  Three  experiments.  Two  animals  had  irregularity  in 
rate  and  rythm  with  one  death  in  one  hour.  In  the  second,  the  rate  was 
decreased  from  40  to  21,  24,  27;  a  third  gave  a  slight  increase  in  rate; 
a  fourth  vomited  but  had  an  irregular,  heart. 

7.6  cc.  per  kg.  Two  experiments.  One  animal  with  a  decrease  from 
35  to  23  during  the  day,  one  animal  with  an  increase  from  32  to  41 
during  the  day.  Three  animals  vomited  and  all  had  a  greatly  increased 
rate  at  twenty-four  hours  although  a  lesser  increase  during  the  day; 
one  had  a  very  irregular  heart. 

10  cc.  per  kg.  Two  experiments.  There  was  one  irregularity  with 
the  rate  otherwise  unchanged;  one  with  a  decrease  from  34  to  16  and  22, 
and  death  in  five  hours. 

7.5  cc.  per  kg.  intraperitoneally .  One  experiment  in  which  the  heart 
was  unchanged  in  twenty  minutes,  with  death  in  one  hour. 

Caffein — 60  mg.  per  kg.  Caffein  60  mg.  increases  the  heart 
rate;  with  quite  small  quantities  (2  cc.)  of  alcohol,  the  rate  is 
greatly  increased,  more  than  with  caffein  alone ;  with  larger  quan- 
tities the  effects  are  similar  to  30  mg.  with  greater  variations. 

Alcohol — 2.0  cc.  per  kg.  Three  experiments.  The  average  rate  was 
increased  from  30  per  ten  seconds  to  an  average  maximum  of  38  during 
the  day;  this  is  a  greater  increase  than  with  caffein  60  mg.  alone. 

4.0  cc.  per  kg.  Four  experiments.  The  rate  was  irregular  early; 
death  within  one  and  three  quarters  hours. 

7.6  cc.  per  kg.  Two  experiments.  The  heart  was  irregular  within 
thirty  minutes  but  beame  regular  shortly  after;  in  one  the  rate  increased 
maximally  returning  to  normal  in  five  hours;  in  the  second  there  was  a 
decrease  from  38  to  25. 

10.0  cc.  per  kg.  Two  experiments,  in  one  the  rate  was  greatly  slowed 
and  in  the  other  was  markedly  irregular. 

Caffein — 120  mg.  per  kg.  There  were  two  experiments  with  alcohol 
2.0  cc.  in  which  early  death  prevented  complete  observations;  in  one  the 
rate  was  maximally  increased  earlier  than  with  caffein  alone. 

The  cardiac  effects  of  combined  caffein  and  alcohol  differ  from 
those  of  either  agent  alone,  and  tend  to  *be  more  deleterious. 
When  the  combination  contains  small  quantities  of  caffein  (to 
5  mg.),  with  doses  of  alcohol  which  tend  to  quicken  the  rate  (4 
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to  7.5  cc),  there  seems  to  be  some  synergism;  for  the  average  rate 
is  somewhat  faster  than  with  alcohol  alone,  although  this  dosage 
of  caffein  has  no  effect  on  the  rate  in  the  absence  of  alcohol; 
but  it  does  not  prevent  the  slowing  from  large  (10  cc.)  doses  of 
alcohol. 

When  the  dosage  of  caffein  is  increased  to  15  mg.  (which  alone 
also  has  practically  no  effect  on  the  heart  rate)  the  synergistic 
effect  on  the  quickening  doses  of  alcohol  is  less  marked;  otherwise 
the  phenomena  are  essentially  similar  to  those  of  the  5  mg.  doses. 

With  larger  doses  of  caffein  (30  mg.  upward)  the  most  con- 
spicuous effect  of  the  addition  of  alcohol  (from  4  cc.  upward)  con- 
sists in  the  frequent  and  early  occurrence  of  cardiac  irregular- 
ities. The  larger  doses  of  alcohol  also  prevent  the  cardiac  quick- 
ening which  result  when  these  doses  of  caffein  are  given  alone. 
With  still  larger  doses  (60  to  120  mg.)  even  2  cc.  of  alcohol  tend 
to  increase  the  rate  and  the  irregularities  which,  with  larger  doses 
of  alcohol,  are  a  constant  feature. 

It  would  seem,  then,  that  alcohoHc  intoxication  renders  the 
heart  more  susceptible  to  the  deleterious  cardiac  actions  of  caffein, 
to  a  degree  which  could  not  be  foreseen  from  the  effect  of  the  alco- 
hol alone.  This  doubtless  explains  the  increased  fataUty  result- 
ing from  the  combination  of  the  two  poisons. 

Temperature.  The  effects  of  the  two  drugs,  when  given  alone, 
appear  to  be  opposite. 

Alcohol  alone  (see  fig.  I,  page  274)  causes  a  loss  of  temperature, 
the  extent  and  duration  varying  in  the  same  direction  as  the  dose. 

Caffein  alone  (see  table  I)  causes  a  rise  of  temperature,  which  is 
practically  independent  of  the  dose  (0.5°  with  5  mg.  per  kg.;  1.0 
to  2°  with  15  to  120  mg.). 

With  the  two  drugs  together,  the  resultant  effects  are  as  follows : 

(a)  Small  and  moderate  doses  of  alcohol  (2  and  4  cc.)  with 
small  and  moderate  doses  of  caffein  (2  to  30  mg.)  give  the  same 
fall  as  alcohol  alone.  In  other  words,  alcohol  absolutely  abolishes 
the  caffein  rise,  while  caffein  has  no  effect,  either  positive  or  neg- 
ative, on  the  alcohol  fall. 

(b)  Large  doses  of  caffein  (60  mg.)  counteract  the  fall  of  small 
doses  (2  cc.)  of  alcohol  constituting  a  limited  antagonism. 
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(c)  With  large  doses  of  alcohol  (7.5  and  10  cc.)  the  addition 
of  caffein  in  all  doses  (from  5  mg.  to  60  mg.)  tends  to  increase  the 
fall,  so  that  the  ordinary  action  of  caffein  seems  to  be  reversed. 
This  agrees  with  the  synergism  in  motor  and  psychic  effects  which 
is  observed  with  the  combination  of  this  dosage. 

Alcohol — 2.0  cc,  per  kg.  This  produces  a  slight  fall  averaging  0.75° 
in  two  hours. 

Caffein — 2  and  5  mg.  per  kg.  In  two  experiments  the  fall  is  the  same 
as  for  alcohol  alone. 

10  mg.  per  kg.  In  two  experiments  the  average  fall  was  lessened 
0.25°;  recovery  about  the  same. 

60  mg.  per  .kg.  In  three  experiments  the  alcohol  fall  was  prevented 
and  there  was  a  rise  of  0.4°  in  six  hours. 

Alcohol  4-0  cc.  per  kg.  This  produces  a  fall  reaching  its  maximum  in 
two  to  three  hours,  and  ranging  from  0.9  to  3.1°;  average  fall  1.9°. 

Caffein — 2  mg.  per  kg.  Two  experiments  increased  the  average  fall 
slightly,  but  within  the  maximum  limits. 

5  mg.  per  kg.  Seven  experiments  had  little  influence.  In  series  "  A, " 
four  experiments,  the  fall  was  0.6°  to  0.7°  greater  with  caffein;  in  series 
"B"  three  experiments,  the  fall  was  0.6°  to  0.7°  greater  in  the  controls; 
both  within  the  maximum  and  minimum  limits. 

15  mg.  per  kg.  Two  experiments  had  no  influence  on  the  fall,  but  the 
recovery  was  somewhat  earlier;  within  the  maximum  and  minimum 
limits. 

30  mg.  per  kg.  Three  experiments  had  no  influence;  within  the  maxi- 
mum and  minimum  limits. 

60  mg.  per  kg.  Two  experiments  with  early  death  and  no  tempera- 
ture records. 

Alcohol — 7.5  cc.  per  kg.  The  average  maximum  fall  was  2.8°;  the 
maximum  in  any  experiment  4.0°;  the  minimum  2.4°. 

Caffein- — 5  mg.  per  kg.  Three  experiments  increased  the  fall  and 
delayed  recovery;  average  maximum  fall  4.7°;  maximum  fall  in  any 
experiment  5.7°;  minimum  4.2°. 

15  mg.  per  kg.  Two  experiments  decreased  the  fall,  with  recovery 
not  influenced;  a^^-erage  maximum  fall  2.2°  with  a  lesser  maximum  and 
minimum. 

30  mg.  per  kg.  Three  experiments  increased  the  fall  and  delayed  the 
recovery;  average  maximum  fall  4.4°,  maximum  fall  in  any  experiment 
6.8°;  minimum  fall  3.1°. 
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60  mg.  per  kg.  Two  experiments  increased  the  fall;  in  five  houjrs  the 
fall  was  5.5**  and  no  recovery.  The  increased  fall  probably  was  due  to 
the  deeper  narcosis  of  these  animals. 

Akohol  10.0  cc.  per  kg.  The  average  maximum  fall  was  3.8°;  the  max- 
imum in  any  experiment  7.5°;  the  minimum  3.6°. 

Caffein — 5  mg.  per  kg.  Three  experiments  increased  the  fall,  with  a 
maximum  fall  in  any  experiment  9.7°  and  a  minimum  of  5.3°. 

10  mg.  per  kg.  One  experiment  increased  the  fall  with  a  maximum  of 
8.2°  during  the  day. 

1 5  mg.  per  kg .  Three  experiments  had  no  influence ;  average  maximum 
fall  4.2°;  maximum  in  any  experiment  5.9°;  minimum  3.5° 

30  mg.  per  kg.  One  experunent  decreased  the  fall;  the  maximum  was 
'2.6°  in  two  hours;  a  second  experiment  gave  the  same  result  in  two  hours 
when  the  animal  vomited. 

60  mg.  per  kg.  Two  experiments.  The  fall  was  practically  the  same; 
an  average  maximum  of  3.7°  in  five  hours;  maximum  and  minimum  in 
any  experiment  3.8°  and  3.7°. 

Rate  of  respiration.  Neither  alcohol  nor  caffein,  alone  or  com- 
bined, had  any  marked  or  constant  effect  on  the  respiration  of  the 
cats  used  in  this  investigation.  Used  alone,  alcohol  in  all  doses 
tends  to  increase  the  rate,  most  markedly  with  4  cc;  caffein 
alone  had  no  effect  up  to  30  mg. ;  higher  doses  showed  slight  quick- 
ening, increasing  with  the  dose. 

With  the  two  drugs  together,  the  resultant  effects  are: 

(a)  Small  and  moderate  doses  of  alcohol  (2  cc.  and  4  cc.)  with 
small  and  moderate  doses  of  caffein  (5  to  15  mg.)  give  the  same 
sUght  quickening  as  alcohol  alone.  This  is  also  true  of  small 
doses  of  alcohol  (2  cc.)  with  large  doses  of  caffein  (60  mg.) ;  and 
of  toxic  doses  of  alcohol  (10  cc.)  with  small  doses  of  caffein  (5  mg.). 

(b)  Moderate  doses  of  alcohol  (4  cc.)  and  large  doses  of  caffein 
(60  mg.),  give  a  somewhat  greater  or  more  maintained  quickening 
than  alcohol  alone. 

(c)  Large  doses  of  alcohol  (7.5  and  10  cc.)  with  moderate  or 
large  doses  of  caffein  (from  10  mg.  up)  show  less  quickening  than 
with  alcohol  alone;  or  the  respiration  may  even  be  slowed. 

In  brief,  the  combination  of  large  doses  of  either  drug  with 
small  doses  of  the  other  gives  practically  the  same  effects  as  alco- 
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hol  alone.  The  combination  of  a  moderate  dose  of  alcohol  with 
a  large  dose  of  caffein  results  in  greater  quickening.  Large  doses 
of  alcohol  show  less  quickening  when  caffein  is  added. 

Alcohol — 2.0  cc.  per  kg. 

Caffein — 2,  5,  and  10  mg.  per  kg.  Four  experiments;  60  mg.,  four 
experiments:  the  rate  of  respiration  is  practically  unaltered. 

Alcohol  4-0  cc.  per  kg. 

Caffein — 2  and  5  mg.  per  kg.     Two  experiments  with  2  mg.  and  seven 
experiments  with  5  mg.  lessened  the  increased  rate  of  alcohol  4.0  cc. 
somewhat.     Occasionally,  when  an  animal  was  excited,  the  rate  in-* 
creased  greatly. 

15  mg.  per  kg.  One  experiment  caused  no  variation  from  the  alcohol 
curve. 

60  mg  per  kg.  Three  experiments  in  which  the  animals  vomited. 
The  increase  was  maintained  somewhat  longer  than  with  alcohol  alone; 
respiration  was  irregular  in  one  experiment.  In  one  experiment  with 
early  death  the  rate  agreed  with  that  of  alcohol  alone. 

Alcohol  7.5  cc.  per  kg. 

Caffein — 5  mg.  per  kg.  Three  experiments.  The  increase  in  rate  was 
somewhat  more  marked  in  degree  and  duration  than  with  the  average 
of  the  alcohol  experiments  although  about  the  same  as  one  control  of  the 
same  day. 

In  the  experiments  with  larger  doses  of  caffein  the  records  are  not  com- 
plete; there  is  no  increase  in  respiration,  all  the  recorded  rates  gave  either 
no  change  or  a  decrease. 

Alcohol — 10.0  cc.  per  kg. 

Caffein — 5  mg.  per  kg.  Two  experiments  did  not  vary  the  alcohol 
curve;  one  experiment  gave  a  slightly  decreased  rate  and  the  second 
increased  the  rate  as  with  alcohol  10.0  cc. 

10  mg.  per  kg.  One  experiment  in  which  the  rate  was  increased  as 
with  one  control  but  to  a  lesser  degree. 

15.  mg  per  kg.  One  experiment  in  which  the  rate  was  increased  as 
with  one  control  but  to  a  lesser  degree. 
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SO  and  60  mg.  per  kg.  Two  experiments;  in  each  the  rate  at  the  sec- 
ond hour  only  was  recorded;  no  increase  in  rate. 

Alcohol  7.5  cc.  intraperitoneally 

Caffein — ^  to  30  mg.  In  two  experiments  (caffein  2  and  5  mg.)  the 
respiration  was  practically  the  same  as  with  alcohol  alone;  with  caffein 
10  mg.  (one  experiment)  it  was  unchanged;  two  experiments  (caffein 
2  and  15  mg.)  increased  the  rate  to  a  maximum  of  20  per  fifteen  seconds, 
but  it  returned  to  normal  before  death  (which  was  not  seen).  In  one 
experiment  (caffein  5  mg.)  the  respiration  was  observed  to  stop  before 
the  heart-     With  caffein  30  mg.  early  death  prevented  observations. 

The  respiratory  actions  of  caffein,  as  described  in  the  literature, 
are  generally  greater  than  those  observed  in  this  series.  It  may 
be  that  cats  are  less  susceptible  to  the  action  of  caffein  than  are 
dogs  or  rabbits. 

Impens  (7)  found  that  0.020  and  0.050  gram  caffein  in  a  medium 
sized  rabbit  increased  the  respiratory  rate  and  volume  slightly;  with 
convulsive  doses  there  was  a  great  increase. 

Heinz  (7)  —0.007  per  kg.  caffein-natrio-sahcyl  in  two  rabbits  in- 
creased the  respiratory  volume  40-i5  per  cent;  0.025  gram  per  kg.  de- 
creased the  respiratory  volume  7  per  cent. 

Binz  (8)  —0.15  gram  caffein  to  a  dog  narcotized  with  alcohol  greatly 
increased  the  rate  and  depth  of  respiration  without  lessening  the  nar- 
cosis. 

Cushny  (2) — Caffein  quickens  and  strengthens  respiration,  more 
with  alcohol  than  on  normal  animals. 

Leven  (9) — Caffein  increased  the  respiration  in  toxic  doses  in  guinea 
pigs. 

PART  IV.       SUMMARY  OF  THE  EFFECTS 

For  the  sake  of  brevity,  the  following  descriptive  equivalents 
of  the  doses   (per  kilogram)   are  used: 


Small  doses 2  2  to  10 

Moderate  doses 4  15  to  30 

Large  dases ,  7.5  and  10  60  and  120 


294  J.    D.    PILCHER 

1.     Psychic  effects 

Alcohol  produces  narcosis,  varying  from  sleepiness  with  small 
doses,  light  coma  from  moderate,  and  deep  coma  with  large  doses. 

Caffein  in  non-fatal  doses  produces  wakefulness  and  increased 
irritability;  fatal  doses,  more  or  less  excitement. 

Caffein  on  the  alcoholic  narcosis.     The  alcohol  narcosis  is: 

(a)  Lessened  somewhat  when  small  or  moderate  doses  of 
alcohol  are  combined  with  small  or  moderate  doses  of  caffein 
(antagonism  by  algebraic  summation  of  action) . 

(b)  Intensified  when  moderate  doses  of  alcohol  are  combined 
with  large  doses  of  caffein;  or  large  doses  of  alcohol  with  caffein 
in  all  doses  (synergism  by  reversal  of  caffein  action). 

Alcohol  on  the  caffein  excitement.  The  symptoms  of  caffein 
stimulation  are  too  indefinite  to  justify  conclusions.  With  large 
doses  of  alcohol  the  narcotic  effects  are  always  the  more  conspic- 
uous. 

2.     Reflexes 

Alcohol.  Depressed  reflexes  and  incoordination,  increasing 
with  the  dose;  the  reflexes  are  abolished  by  large  doses. 

Caffein.     Exaggerates  reflexes,  increasing  with  the  dose. 
Combined  drugs.     The  results  are  similar  to  the  psychic  effects. 

3.     Caffein  convulsions 

Convulsions  are  only  produced  by  fatal  doses  of  caffein.  They 
are  not  prevented  by  moderate  doses  of  alcohol. 

If..     Fatality 

The  two  drugs  are  always  synergistic  and  the  fatality  is  greater 
than  simple  summation.  Death  results  by  combining  ''small'- 
doses  of  alcohol  with  "large"  doses  of  caffein,  and  "moderate" 
doses  of  caffein  with  "moderate"  doses  of  alcohol,  but  not  by 
combining  "small"  doses  of  caffein  with  "large"  doses  of  alcohol. 
In  other  words,  the  synergism  is  one-sided,  alcohol  increasing 
the  toxicity  of  caffein,  while  caffein  does  not  increase  the  toxicity 
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of  alcohol.  The  death  is  always  cardiac,  suggesting  that  alco- 
hol renders  the  heart  more  susceptible  to  caffein  poisoning  '(one- 
sided synergism  by  increased  susceptibility). 

5.     Heart  rate 

Alcohol.  Small  or  moderate  doses  produce  variable  effects. 
Large  doses  slow. 

Caffein.  Small  doses  have  small  and  variable  effect;  moderate 
doses  cause  considerable  quickening;  large  doses  give  maximal 
quickening. 

The  rate  is  much  increased  by  handling.  No  arythmias  were 
seen  with  caffein  alone,  even  after  large  doses. 

Combined  drugs,  (a)  Small  doses  of  both  drugs  cause  greater 
quickening  (synergism  by  summation). 

(b)  Moderate  doses  of  alcohol  lessen  the  quickening  produced 
by  moderate  doses  of  caffein  (antagonism  by  modified  actions). 

(c)  Moderate  doses  of  alcohol  with  moderate  to  large  doses 
of  caffein  tend  to  produce  cardiac  irregularity  (modified  action). 

6.     Temperature 

Alcohol  produces  a  marked  fall  of  temperatiu-e,  increasing  with 
the  dose. 

Caffein  raises  the  temperature  moderately;  the  dose  has  little 
influence. 

Combined  drugs,  (a)  With  small  or  moderate  doses  of  alcohol, 
small  or  moderate  doses  of  caffein  have  no  effect;  large  doses  of 
caffein  counteract  the  fall  (antagonism  by  imperfect  summation) . 

(b)  With  large  doses  of  alcohol,  caffein  in  all  doses  increases 
the  fall  (synergism  by  reversal  of  caffein-action) . 

7.     Rate   of  respiration 

Alcohol  in  our  cats  tends  to  increase  the  rate  in  all  doses,  most 
markedly  with  the  '/moderate"  dose;  the  increase  lasting  2  or 
3  hours. 

Caffein  had  no  effect  with  small  doses;  progressive  (but  slight) 
increase  with  moderate  to  large  doses. 


296 


J.    D.    PILCHER 


Combined  drugs.     The  effects  of  alcohol  predominate. 

(a)  Large  doses  of  either  drug  with  small  doses  of  the  other, 
and  moderate  doses  of  both,  give  practically  the  same  results  as 
alcohol  alone  (synergism  by  imperfect  summation) . 

(b)  Moderate  doses  of  alcohol  and  large  doses  of  caffein  give 
more  quickening  than  alcohol  alone  (synergism  by  summation). 

(c)  Large  doses  of  alcohol  show  less  quickening  when  caffein 
is  added  (antagonism  by  reversal  of  action) . 


DISCUSSION   or   THE   RESULTS 

BY  TORALD   SOLLMANN 

Several  practical  conclusions  can  be  deduced  from  the  experi- 
ments, as  will  be  mentioned  later.  Ti.^  deductions  of  more 
theoretical  bearing  are  perhaps  even  more  interesting.  The 
combination  of  these  two  relatively  simple  drugs  illustrates  almost 
every  conceivable  variety  of  antagonism  and  synergism,  as  shown 
in  the  following  schema : 


ANTAGONISM 

SYNERGISM 

By  Algebraic  Summation  of 

Actions;    (i.e.,  both  drugs 

Narcosis  (smaller  doses) 

Heart    rate     (smaller 

producing,     qualitatively, 

doses) 

their  normal  actions). 

Motor  system    (smaller 

Respiration     (smaller 

doses) 

doses) 

Temperature     (smaller 

doses) 

By  reversed  action:  (i.e.,  the 

Respiration  (larger 

Narcosis   (larger  doses) 

actions    of    one    or    both 

doses) 

Motor    (larger   doses) 

drugs  are  the  opposite  of  > 

Heart     rate     (larger 

Temperature     (larger 

what  they  would  be  if  used 

doses) 

doses) 

alone). 

By    increased    susceptibility:  1 

. 

Cardiac  arythmia 
Fatality 

With  the  smaller  doses,  each  drug  tends  to  act  qualitatively 
as  if  it  were  present  alone — though  even  here  the  effects  generally 
appear  to  be  modified  quantitatively;  with  larger  doses  however, 
there  is  always  a  qualitative  change  in  the  direction  tending  to 
greater  depression  of  functions.     This  tendency  is  the  greater. 
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the  larger  the  combined  dose.  In  other  words  a  '^  moderate" 
dose  of  the  depressant  can  be  antagonized  only  by  a  small  or 
moderate  dose  of  the  stimulant;  whilst  large  doses  of  the  depres- 
sant render  even  small  doses  of  the  stimulant  also  depressant. 

The  combination  of  two  stimulants  results  in  summation  of 
action  only  if  both  are  used  in  relatively  small  doses;  in  larger  doses 
they  will  become  depressant.  Evidently,  the  state  of  function 
produced  by  one  drug  modifies  the  response  to  other  drugs,  not 
only  quantitatively,  but  also  qualitatively. 

It  would  not  be  justifiable  of  course,  to  extend  these  empirical 
facts  to  other  drugs,  until  more  work  has  been  done.  It  is  sug- 
gestive, however,  that  these  facts  agree  essentially  with  those 
observed  in  the  simultaneous  action  of  pilocarpin  and  atropin 
on  the  development  of  embryos  of  the  sea-urchin  and  the  star- 
fish (10). 

In  the  latter  case,  the  drugs  presumably  have  the  same  point 
of  attack  in  the  cell,  whilst  caffein  and  alcohol  presumably  act 
on  different  mechanisms.  The  agreement  suggests  therefore, 
that  these  empirical  facts  may  be  more  or  less  general  laws. 

CONCLUSIONS 

1.  The  response  of  cats  to  alcohol,  to  caffein  and  to  combina- 
tions of  the  two,  are  summarized  on  pages  293-5. 

2.  When  small  doses  of  caffein  and  of  alcohol  are  combined,  the 
result  is  generally  a  qualitative  algebraic  summation  of  both 
actions,  i.e.,  each  drug  produces,  qualitatively,  its  ordinary  effects. 

3.  When  large  doses  of  the  two  drugs  are  combined,  the  effects 
of  the  stimulant  drug  tend  to  be  reversed,  resulting  in  greater 
depression. 

PRACTICAL   DEDUCTIONS 

1.  Caffein  in  alcohol  poisoning.  With  fatal  doses  of  alcohol 
caffein  acts  only  deleteriously;  with  half  fatal  doses,  moderate 
doses  of  caffein  may  decrease  the  narcosis  and  hasten  recovery; 
large  doses  are  dangerous. 

2.  Alcohol  in  caffein  poisoning.     With  small  doses  of  caffein, 
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alcohol  lessens  the  psychic  effects;  with  large  doses,  alcohol  adds 
to  the  danger. 

3.  Caffein.  The  danger  of  cardiac  death  is  increased  by  agents 
which  alone  have  relatively  little  direct  depressant  effect  on  the 
heart.  This  would  engender  caution  in  the  use  of  caffein  in  heart 
disease. 

In  conclusion,  I  wish  to  express  my  grateful  appreciation  to 
my  chief,  Professor  Sollmann,  for  his  many  suggestions  through- 
out the  course  of  the  experiments,  and  for  correcting  and  revising 
the  manuscript. 
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As  a  rule  the  cat's  reaction  to  intravenous  and  subcutaneous 
injections  of  horse  serum  resembles  that  of  the  dog,  differing 
chiefly  in  intensity.  Its  reaction  may  also  resemble  that  of  the 
rabbit  in  many  respects,  showing,  however,  grave  vascular,  while 
the  rabbit  shows  grave  cardiac  symptoms.  Thus  far  it  has  not 
been  definitely  proved  just  how  the  foreign  protein  causes  the 
death  of  cats,  but  it  is  generally  thought  it  may  be  through  dila- 
tation of  the  blood  vessels  as  a  result  of  vasomotor  paralysis.  It 
seems  to  me  that  in  discussing  protein  intoxication  those  who 
attribute  death  of  sensitized  and  non-sensitized  animals  to  the 
paralysis  of  the  vaso-motor  nerve  endings  or  of  smooth  muscle 
of  the  blood  vessels,  have  overlooked  certain  other  important 
factors.  Indeed  they  have  not  even  proved  that  the  fall  in  blood 
pressure  is  due  to  vaso-dilatatiOn.  It  is  hoped  that  in  this  dis- 
cussion it  will  be  shown  that  even  with  a  very  circumscribed  cir- 
culation area  it  is  possible  to  obtain  a  fall  of  blood  pressure  and 
even  to  kill  the  animal  under  conditions  that  preclude  vaso-dila- 
tation  as  the  chief  cause.  Furthermore  it  is  hoped  to  show  by 
eliminating  distant  influences,  such  as  impulses  from  the  central 
nervous  system  or  the  action  of  substances  formed  in  the  hver  or 
intestine,  that  for  the  organs  involved,  the  causal  factors  are  for 
the  most  part  peripheral.  To  this  end  it  is  desired  to  consider  some 
experin^ents  with  horse  serum  in  which  is  studied  the  reaction  of : 
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1.  Intact  animals  non-sensitized,  non-anesthetized  (except  with 
cocaine  at  point  of  inserting  the  cannula). 

2.  Anesthetized  animals  (sensitized  and  non-sensitized)  as 
indicated  by  blood  pressure  records  and  by  cardiograms. 

3.  Animals  after  vagotomy,  atropin,  and  after  destruction  of  the 
central  nervous  system. 

4.  Animals  with  the  splanchnic  or  brachial  circulation  elim- 
inated. 

5.  The  systemic  blood  vessels  when  perfused. 

6.  The  pulmonary  circulation  and  of  the  isolated  heart  when 
perfused. 

1       REACTION  OF  THE  INTACT  ANIMAL 

The  gross  symptoms  of  serum  intoxication  in  the  cat  are  prac- 
tically the  same  as  those  observed  in  the  sensitized  dog,  and  for 
the  latter  animal  have  been  quite  accurately  described  by  Pearce- 
Eisenbrey  and  others.  If  one  inject  cats  intravenously  with 
sterile  horse  serum,  grave  symptoms  result,  both  in  non-sensitized, 
and  in  sensitized  individuals,  the  difference  between  the  macro- 
scopic reaction  of  the  former  as  compared  with  that  of  the  latter 
is  chiefly  one  of  degree.  Twenty-five  ten-thousandths  of  a 
cubic  centimeter  of  horse  serum  per  gram  body  weight  injected 
into  the  jugular  vein  of  young  cats  is  nearly  always  fatal  provid- 
ing the  total  dose  be  injected  steadily  in  from  ten  to  twenty  sec- 
onds. Adult  cats  quite  frequently,  as  will  be  seen  in  the  follow- 
ing protocol,  recover  from  0.0020  cc.  to  0.0025  cc.  per  gram  body 
weight,  but  suffer  great  depression  which  lasts  forty-five  to  sixty 
seconds.  This  reaction  ensues  with  normal  serum  and  with 
serum  heated  30  minutes  at  56°C.  when  the  injection  is  continuous. 

Protocol  1.     Non-sensitized  cat 

Normal  female  cat,  weight  2994  grams,  cocaine  local  anesthesia,  other- 
wise no  drugs  used.     Cannula  in  left  saphaenus  vein. 

12 :31  p.m.  Six  cubic  centimeters  of  warm  sterile  horse  serum  injected 
slowly  and  continuously  into  the  left  saphaenus  vein;  injection  interval 
about  forty-five  seconds,  struggled  during  first  part  of  injection,  head 
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dropped  limp  about  ten  to  fifteen  seconds  before  injection  was  com- 
pleted, animal  showed  muscle  weakness  before  the  cannula  could  be 
removed  and  the  animal  placed  on  the  floor. 

12 :32    Lying  limp  on  floor,  unable  to  walk,  pulse  very  thready. 

12:33  Feces  passed;  character  of  respiration  changed,  rate  about  102 
per  minute  as  compared  vrith.  about  50  per  minute  before  the  injection. 
Respirations  were  slightly  dyspnoeic,  after  each  series  of  15  to  17 
there  was  a  deep  inspiration,  head  on  floor,  mouth  partly  open,  pupils 
constricted  to  a  mere  slit  even  in  dim  light. 

12:34  One  hundred  and  twenty  respirations  per  minute,  mouth  open 
as  if  panting,  some  salivation,  spreading  of  claws  and  weak  clawing 
towards  mouth  as  if  to  remove  something,  conscious  of  dog's  presence, 
weak  ineffectual  effort  to  get  upon  front  feet. 

12:36  Head  slightly  raised,  mouth  open  as  if  panting  for  breath. 
From  now  on  the  cat  improved  slowly  so  that  by  1 :04  p.m.  she  was  able 
to  walk  a  little. 

4 :30  Respirations  nearly  normal,  able  to  walk  but  prefers  to  lie  down. 
Cat  recovered,  and  two  weeks  later  gave  birth  to  five  healthy  kittens. 

2      THE   REACTION   OF   ANESTHETIZED   ANIMALS   AS    INDICATED    BY 
BLOOD-PRESSURE  RECORDS  AND  BY  CARDIOGRAMS 

In  this  series  of  experiments  the  cats  were  as  a  rule  anesthet- 
ized with  ether,  sometimes  with  chloral,  m-ethane,  and  ether. 
The  depth  of  anesthesia  has  some  influence  in  determining  the 
dose  of  serum  necessar^^  to  kill,  consequently  during  operation  the 
animal,  was  deeply  anesthetized,  and  before  the  injection  the 
dropping  bottle  was  adjusted  so  that  light  anesthesia  was  main- 
tained. The  blood  pressure  was  recorded  from  the  carotid  artery 
by  a  mercury  manometer,  and  the  right  ventricle  recorded  its 
contractions  by  the  upstroke  of  a  Cushny  myocardiograph. 

In  the  intact  animal  it  was  stated  that  there  was  pronounced 
muscle-weakness,  a  thready  pulse,  and  poljT)noea.  When  records 
of  the  carotid  blood  pressure  and  of  the  right  ventricular  beat  are 
taken  simultaneously,  it  is  easy  to  see  why  injections  of  horse 
serum  cause  such  remarkable  phenomena  of  collapse.  Even  be- 
fore the  intravenous  injection  is  completed  there  is  noted  a  change 
in  the  heart  beat,  and  following  the  slight  preliminary  rise  of 
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blood  pressure  there  is  a  rapid  fall  thereof.  With  such  cats  as  are 
unusually  sensitive  to  ether,  even  0.0010  cc.  per  gram  body  weight 
sometimes  causes  death,  but  ordinarily  two-thousandths  of  a  cubic 
centimeter  per  gram  body  weight,  injected  into  the  jugular  vein 
in  five  to  ten  seconds  causes  the  following  phenomena.  The  effect 
upon  the  heart  will  depend  somewhat  upon  the  condition  of  this 
organ  and  upon  the  amount  of  blood  in  it.  With  a  low  blood  pres- 
sure and  a  weak  heart  there  is  a  slight  rise  of  pressure  accompanied 
by  a  strengthening  of  the  ventricular  contractions;  with  the  blood 
pressure  about  normal  there  is  a  decrease  in  the  amplitude  of  the 
beat  and  some  irregularity  of  rhythm  as  soon,  apparently,  as  the 
serum  enters  the  right  heart,  as  if  the  serum  in  some  way  inter- 
fered with  the  proper  conduction  of  the  auriculo-ventricular  mus- 
cle; following  this  and  simultaneously  with  the  rapidly  diminish- 
ing amplitude  and  rate  of  beat,  there  is  a  corresponding  fall  of 
blood  pressure.  The  right  auricle  is  gorged  with  blood,  the  right 
ventricle  is  greatly  distended,  the  blood  gradually  becomes  more 
and  more  dark,  and  the  left  auricle  and  ventricle  are  practically 
empty  but  continue  to  beat  regularly  for  some  time  after  the 
right  heart  has  become  greatly  distended.  In  some  cats  the 
serum  not  only  causes  a  change  in  rate  of  the  heart,  but  it  also 
causes. more  or  less  incoordination  thereof.  Inspection  of  such 
a  heart  sometimes  reveals  hemorrhagic  blotches  on  the  surface 
of  the  ventricle.  Sooner  or  later  the  right  auricle  and  right  ven- 
tricle beat  with  an  independent  rhythm,  and  the  latter  sometimes 
passes  into  fibrillary  contractions  from  which  it  seldom  recovers. 
Long  after  the  ventricles  have  ceased  to  record  their  contractions 
and  show  nothing  but  mere  twitchings  the  auricles  continue  to 
beat  quite  strongly  and  regularly.     (See  Fig.  1.) 

Protocol  1.     Anaphylactic  Experiment  303 

Black  and  white  female  cat.  August  9,  1911,  received  a  subcutaneous 
injection  of  2  cc.  of  horse  serum.  Fed  upon  cooked  beef,  cow's  milk,  and 
water.  November  21,  1911,  weight  3575  grams,  fat  and  healthy. 
Ether  anesthesia.  Injection  cannula  in  right  external  jugular  veir, 
blood-pressure  cannula  in  right  carotid  artery.  Intrapleural  cannula 
in  chest  cavity  about  level  of  base  of  ventricle. 
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4  p.m.  Animal  under  light  ether  anesthesia,  0.0020  cc.  per  gram 
body  weight  or  a  total  of  7  cc.  of  warm  horse  serum  injected  into  the 
right  external  jugular  vein  in  about  twenty-five  seconds.  Before  one- 
half  the  total  volume  of  serum  had  been  injected  the  blood  pressure  sud- 
denly fell,  the  chest  walls  remained  fixed  in  a  semi-inspiratory  stage,  and 
judging  from  the  respiratory  record  the  lungs  filled  the  chest  cavity  and 
were  arrested  in  the  inspiratory  state.  After  a  fall  in  blood  pressure  of 
about  60  mm.  a  series  of  respiratory  gasps  were  made;  the  blood  pressure 
rose  a  few  millimeters  after  which  it  slowly  fell  to  zero. 

There  is  then  in  the  sensitized  animal  a  striking  difference  between 
the  irritability  of  the  cardio-respiratory  apparatus.  The  lung  of  the 
sensitized  cat,  however,  differs  from  that  of  sensitized  guinea-pig  in 
that  when  the  chest  cavity  is  opened  the  lungs  of  the  cat  collapse 
much  more  completely.  There  is  only  temporary  and  partial  im- 
mobilization in  the  inspiratory  stage.  The  excised  lung  of  the  sensitized 
cat  collapses  nearly  as  completely  as  does  the  excised  lung  of  an 
asphyxiated  cat.  The  heart  of  the  sensitized  cat  reacts  much  in  the 
same  manner  as  does  the  heart  of  a  sensitized  guinea-pig. 

Upon  opening  up  the  heart  one  may  or  may  not  find  traces  of  a  blood 
clot,  depending  upon  the  length  of  time  intervening  between  the  cessa- 
tion of  respiration  and  the  moment  of  examining  the  heart.  In  most 
of  the  animals  examined  soon  after  the  blood  pressure  had  fallen  to  zero 
no  clot  was  found.  Judging  from  the  pliability  of  the  tissues  the  muscle 
of  the  right  ventricular  wall  seemed  to  pass  into  rigor  at  about  the  same 
time  as  that  of  the  left  heart,  and  in  some  cases  perhaps  a  little  sooner. 
In  this  respect  there  seems  to  be  an  additional  difference  between  the 
reaction  of  non-sensitized  and  of  sensitized  animals.  Greater  emphasis 
will  be  laid  upon  the  detailed  differences  in  a  subsequent  paper  now  in 
the  process  of  completion.     (See  fig.  2.) 


3      THE    REACTION    OF   ANIMALS   AFTER  VAGOTOMY,  ATROPIN,    AND 
DESTRUCTION  OF  THE  CENTRAL  NERVOUS  SYSTEM 

a    Effect  of  vagotomy 

In  my  earlier  experiments  the  right  and  left  vagi  were  either 
tied  off  or  severed,  but  this  seemed  to  have  little  influence  upon  the 
end  results,  and  in  the  light  of  later  experiments  it  is  perfectly 
clear  that  sectioning  these  nerves  should  not  influence  to  any 
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marked  extent  the  toxic  action  of  serum.  As  will  be  pointed  out 
more  conclusively  later,  central  impulses  have  but  little  to  do  with 
the  phenomena  herein  described.  Auer  states  that  in  the  guinea- 
pig  even  degeneration  of  the  vagi  do  not  influence  the  results; 
my  results  so  far  confirm  his  findings. ^  It  is  even  doubtful  if  the 
peripheral  nerve  endings  play  a  very  important  part  in  causing 
the  muscle-elements  to  respond  as  they  do,  the  only  data  that 
even  suggests  that  they  might  is  the  reaction  observed  in  animals 
treated  with  large  doses  of  atropin. 

b    Atropin  sulphate 

Of  late  a  great  deal  has  been  said  about  the  prophylactic  action 
of  atropin  sulphate  when  used  in  connexion  with  horse  serum 
anaphylaxis.  Some  have  even  gone  so  far  as  to  see  a  quantita- 
tive relationship  between  the  action  of  horse  serum  and  that  of 
atropin  sulphate.  This  drug  has  some  action  in  hindering  the 
usual  action  of  horse  serum  and  for  reasons  which  will  be  pointed 
out  later,  it  is  supposed  to  be  only  apparently  quantitative. 
Anderson  and  Schultz  stated  in  an  earlier  paper  that  it  may  utterly 
fail  to  neutralize  the  stimulating  action  of  the  serum,  and  at  best 
is  a  rather  uncertain  remedy  in  immediate  anaphylaxis  of  the 
guinea-pig.  With  cats,  doses  of  atropin  that  completely  paralyze 
the  vagus  endings  to  electrical  stimulation  and  that  dilate  the 
pupil  for  a  considerable  time,  do  not  neutralize  the  action  of  the 
serum  since  the  cats  die  recording  the  same  cardiac  and  vaso- 
motor phenomena  as  recorded  by  non-atropinized  animals.  With 
larger  doses  the  results  are  uncertain.  In  some  animals  an  intra- 
venous injection  of  one  milligram  of  atropin  per  kilo  results  in 
recover}^  in  others  it  apparently  has  no  action  in  retarding  the 
fatal  action  of  the  foreign  protein.  For  a  cat  weighing  5  kg.,  5 
mg.  of  atropin  sulphate  injected  into  the  jugular  vein  may  cause 
a  fall  of  blood  pressure  and  greatly  diminish  the  force  of  the  ven- 
tricular contraction.  Increasing  the  dose  of  atropin  intensifies 
these  conditions,  the  contractiUty  of  both  cardiac  and  smooth 

*  My  experiments  on  this  particular  phase  of  the  subject  are  still  n  progress  and 
the  results  will  be  published  later. 
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While  it  must  be  admitted  that  such  substances  as  atropin 
sulphate,  chloral  hydrate,  ether,  etc.,  may  alter  the  reaction  to- 
wards serum  and  save  certain  animals  from  acute  anaphylactic 
shock,  yet  these  substances  have  to  be  used  in  large  doses,  indeed, 
in  such  large  doses  that  they  probably  greatly  lessen  the  cells' 
irritabihty  long  after  the  irritability  of  the  nerve  endings  has  been 
lost,  so  that  not  only  serum,  but  also  many  other  stimulating 
substances  act  but  shghtly.  The  action  of  atropin  stands  thus: 
toxic  doses,  that  actually  poison  the  cell  protoplasm,  thus  reduc- 
ing its  irritabihty,  leaving  the  cell  in  a  semi-moribund  condition, 
may  or  may  not  save  the  animal  from  immediate  anaphylaxis. 
Doses  of  atropin,  however,  that  do  not  greatly  reduce  the  cells' 
irritabihty  but  do  paralyze  the  motor  nerves  of  the  vagus  and 
of  the  iris,  have  no  apparent  antagonizing  effect  upon  serum  intox- 
ication. This  favors  the  hypothesis  that  serum  acts  primarily 
upon  the  receptive  substance  of  the  cell  itself  or  in  some  way 
affects  certain  physico-chemical  changes  in  the  cell. 

c    Destruction  of  the  central  nervous  system 

In  these  experiments  a  window  was  cut  into  the  chest,  the 
trachea  dissected  free  from  the  mass  of  blood  vessels,  and  the 
latter  clamped  by  means  of  a  special  clamp.  The  neck  muscles 
were  cut  away  and  finally  after  slightly  raising  the  cervical  verte- 
bra, the  head  was  removed.  The  spinal  cord  was  then  destroyed, 
if  desired,  and  the  cut  end  of  the  vertebra  covered  with  oiled  cloth 
or  vaselined  cotton.  This  operation  can  be  accomplished  easily  in 
less  than  an  hour's  time,  with  the  loss  of  but  a  few  drops  of  blood. 

As  is  well  known  such  preparations  have  a  low  blood  pressure " 
and  a  weak  heart.  The  blood  pressure  can  be  raised  by  perfusing 
fresh  blood  from  a  second  animal  or  the  aorta  can  be  clamped  off, 
in  which  case  there  is  a  sharp  rise  of  blood  pressure,  and  a  strength- 
ening of  the  heart  beat.  As  will  be  shown  later  this  artificially 
high  pressure  is  not  permanent,  but  gradually  falls  to  a  lower 
level.  If  now  a  lethal  dose  of  serum  be  injected  there  is  a  sudden 
fall  of  pressure  as  before,  and  a  corresponding  weakening  of  the 
ventricular  contraction.     Indeed,  except  for  the  low  initial  blood 
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pressure  no  essential  difference  can  be  detected  between  the  re- 
action of  such  an  animal  and  one  with  the  central  nervous  system 
intact.  In  the  cat,  then,  it  is  safe  to  conclude  that  the  nervous 
impulses  from  and  by  way  of  the  central  nervous  system  are  not 
essential  factors  in  causing  death  in  serum  intoxication  or  in 
anaphylactic  shock.  Since  the  cause  is  not  to  be  found  in  the 
central  nervous  system  it  must  be  in  some  part  of  the  respiratory 
or  circulatory  system.  But  the  lungs  of  the  cat  do  not  show  signs 
of  bronchial  spasm  as  is  observed  in  the  guinea-pig,  at  least  there 
is  not  that  permanent  distension  of  the  lung  tissue  as  has  been 
described  by  Auer  and  Lewis,  Anderson  and  Schultz,  Biedl  and 
Kraus,  and  more  in  detail  by  Schultz  and  Jordan.  Respiratory 
symptoms,  it  is  true,  are  observed  both  in  the  intact  and  in  the 
operated  animal,  but  they  are  somewhat  obscure,  as  will  be  shown 
directly  in  connexion  with  animals  in  which  the  circulation  of  the 
splanchnic  and  head  regions  have  been  practically  eliminated. 

4      THE  REACTION  OF  ANIMALS  WITH  THE  SPLANCHNIC  OR  BRACHIAL 
CIRCULATION  ELIMINATED 

In  this  series  of  experiments  I  have  endeavored  to  eliminate,  as 
far  as  possible,  that  part  of  the  circulation  heretofore  held  to  be 
responsible  for  the  fall  in  blood  pressure.  It  has  been  so  com- 
mon to  attribute  a  fall  in  blood  pressure  to  splanchnic  vaso-dilata- 
tion  that  almost  every  obscure  fall  of  pressure  is  now  said  to  be 
due  to  dilatation  of  these  vessels. 

After  having  exposed  the  heart  to  record  the  contractions  of 
the  right  ventricle,  in  one  set  of  this  series  of  experiments  the 
•descending  aorta  and  the  ascending  vena  cava  were  clamped 
close  to  the  diaphragm  on  the  thoracic  side,  and  in  the  other  set 
an  additional  clamp  was  used  to  cut  off  all  of  the  blood  vessels 
going  to  and  coming  from  the  anterior  portion  of  the  body — 
that  is,  the  clamp  included  the  vessels  just  above  the  aortic  arch 
so  that  when  all  three  clamps  were  closed  the  circulation  area  was 
practically  limited  to  the  lungs  and  that  region  supplied  by  the 
vertebral  branches  of  the  thoracic  aorta.  This  was  demonstrated 
by  injecting  such  a  preparation,  with  colored  gelatin. 
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As  is  well  known,  clamping  the  abdominal  aorta  causes  a  rise 
of  blood  pressure.  Likewise  clamping  the  thoracic  aorta  and 
inferior  vena  cava  just  above  the  diaphragm  causes  a  rise  of  blood 
pressure,  which  may  exceed  the  pressure  just  before  clamping  by 
three  fold.  Since  after  clamping  there  is  some  leakage  of  blood 
into  the  abdominal  cavity  by  way  of  the  vertebral  arteries, 
an  exudation  of  the  more  hquid  portions  of  the  blood  into  the 
tissue  spaces,  an  adjustment  of  the  circulation  area  of  the  lungs, 
and  a  greater  distension  of  the  right  heart,  this  very  high  blood 
pressure  is  not  maintained,  but  tends  to  return  to  the  level  just 
before  clamping  the  aorta.  An  injection  at  this  time  into  the 
jugular  vein  of  0.0025  cc.  of  serum  per  gram  body  weight  usually 
kills  the  animal.  The  heart  is  at  first  slowed,  and  after  a  brief 
period  of  incoordination  the  right  ventricle  beats  with  greater 
force,  but  in  spite  of  this  the  blood  pressure  in  the  carotid  falls. 
The  right  auricle  and  ventricle  both  gradually  fill,  become  greatly^ 
distended  while  the  contractions  of  the  latter  grow  weaker  and 
weaker;  the  left  auricle  from  the  time  that  the  blood  pressure 
falls  is  small  and  empty,  likewise  the  left  ventricle  seems  to  be 
empty,  but  they  continue  to  contract  rhythmically  and  co- 
ordinately  for  some  time  after  the  right  heart  fails  to  record  its 
twitchings.  Sometimes  the  lungs  shortly  after  an  injection  of 
serum  seem  not  to  respond  so  readily  to  the  inflating  action  of  the 
bellows,  but  when  a  slightly  higher  intratracheal  pressure  is  used 
the  more  dorsal  lobes  inflate,  but  are  whiter  than 'before.  After 
death,  however,  they  collapse  as  in  non-serum  treated  animals. 
The  ventricles  soon  cease  to  do  naught  but  twitch,  the  auricles 
continuing  to  contract  strongly  and  regularly  for  some  time  after 
the  right  ventricle  shows  only  fibrillar  contraction  and  has  ceased 
to  make  a  record.  Although  these  experiments  do  not  prove  that 
the  splanchnics,  following  a  lethal  dose  of  serum,  take  no  part  in 
the  fall  of  blood  pressure  usually  observed  in  normal  and  sensi- 
tized cats,  they  show  that  death  may  result  without  their  influ- 
ence, and  that  the  phenomena  observed  are  practically  the  same 
as  when  the  splanchnic  circulation  is  intact.  Certainly  the  fall 
of  blood  pressure  cannot  be  attributed  to  extra  cardio-pulmonary 
causes  alone.     In  spite  of  the  contentions  of  Arthus,  Friedberger, 
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Biedl  and  Kraus,  Pearce  and  Eisenbrey,  Auer,  and  nearly  every 
writer  on  this  subject  that  horse  serum  causes  vaso-dilatation, 
it  can  be  shown  to  cause  vaso-constriction.  If  this  be  so  there  is 
no  reason  for  hesitating  to  say  that  the  heart  and  lungs  are  for 
the  most  part  responsible  for  the  low  blood  pressure,  and  that  the 
venous  congestion  observed  is  for  the  most  part  a  passive  effect 
brought  on  by  a  block  in  the  circulation,  making  it  impossible  for 
the  right  heart  to  empty  itself. 

By  reason,  then,  of  the  number  of  possible  factors  involved  in 
producing  the  above  picture  it  becomes  necessary  to  study  the 
reaction  of  the  different  parts  of  the  circulation.  If  serum  stim- 
ulates smooth  muscle  to  contract,  it  should  cause  vaso-constric- 
tion in  the  systemic  arteries,  but  in  the  intact  animal  contraction 
of  the  coronary  and  the  pulmonary  arteries  may  also  happen,  in 
which  case  the  rise  of  blood  pressure  that  should  occur  because  of 
the  constriction  of  the  systemic  vessels  would  be  neutralized  and 
wholly  masked  by  the  diminished  amount  of  blood  entering  the 
left  heart  because  of  the  pulmonary  resistance  or  because  of  the 
decreased  output  by  the  right  ventricle.  Therefore,  in  order  to 
analyze  more  in  detail  the  causal  factors  involved,  the  systemic 
system,  then  the  coronary,  and  finally  the  pulmonary  systems 
were  perfused  and  their  relative  outflow  measured  before  and  after 
treatment  with  horse  serum. 

5        THE  PERFUSION  OF  THE  SYSTEMIC  SYSTEM 

In  this  series  of  experiments  the  cats  were  anesthetized  with 
ether.  Some  of  the  animals  were  bled  from  an  artery  and  Ringer 
was  run  into  a  vein  until  the  blood  was  washed  out  of  the  tissues 
and  they  appeared  clear  and  white,  others  were  perfused  at  once. 
A  cannula  was  then  tied  into  the  descending  aorta  just  above  the 
diaphragm,  the  head  pressure  being  about  10  inches  of  the  solu- 
tion used.  A  second  cannula  was  tied  into  the  vena  cava  at  the 
same  level,  the  outlet  being  about  3  to  4  inches  below  the  body  of 
the  animal.  Such  preparations  always  sooner  or  later  take  up  and 
retain  considerable  Ringer  solution,  so  that  the  tissues  surrounding 
the  pancreas,  the  stomach,  intestines,  etc.,  becomes  distended 


PHYSIOLOGICAL   STUDIES   IN   ANAPHYLAXIS  313 

even  to  the  extent  of  bulging  out  the  wall  of  the  abdomen.  This 
condition  may  be  brought  on  sooner  by  using  higher  pressures,  in- 
deed within  certain  limits  the  rate  of  becoming  oedematous  is 
more  or  less  proportional  to  the  pressure  used.  The  temperature 
also  has  something  to  do  with  the  rate  at  which  the  tissues  retain 
the  perfusing  fluid,  being  hastened  as  the  temperature  is  raised 
(20°  to  40°  C). 

In  spite  of  the  tissues  taking  up  a  certain  amount  of  solution 
it  could  easily  be  shown  that  each  of  such  substances  as  serum, 
barium  chloride,  epinephrine,  and  sodium  nitrite,  has  a  charac- 
teristic action  when  added  to  the  perfusing  solution. 

The  best  results  are  obtained  with  freshly  prepared  animals, 
when  the  arterial  walls,  unless  already  constricted,  are  most 
irritable.  Yet  it  is  also  possible  to  obtain  very  striking  and  con- 
sistent results  from  preparations  having  been  perfused  until  the 
tissues  are  decidedly  oedematous  and  the  abdominal  wall  is  bulged 
with  retained  fluid.  Measured  by  a  Wigger's  perfusionometer 
it  was  found  that  a  young  cat  weighing  670  grams,  perfused  into 
the  aorta  with  Ringer  at  a  pressure  of  10  inches,  two  50  cc.  volumes 
were  collected  from  the  vena  cava  in  gradually  increasing  rates  of 
115  and  106  seconds,  respectively,  then  a  solution  containing  20 
cc.  of  horse  serum  and  80  cc.  of  Ringer  was  turned  on,  the  first 
50  cc.  volume  was  collected  in  131  seconds  and  the  second  in  150 
seconds.  Though  this  experiment  may  be  classed  as  one  showing 
medium  constriction  the  reduction  in  the  caliber  of  the  vessels 
was  such  as  to  decrease  the  outflow  30  or  40  per  cent.  It  is  evi- 
dent, therefore,  that  horse  serum  constricts  the  blood  vessels  of 
the  systemic  circulation  even  at  relatively  low  temperatures  and 
pressures.  In  the  blood  pressure  experiments  there  must  then  be 
some  reason  for  the  mercury  manometer  not  recording  a  rise 
of  blood  pressure  in  spite  of  this  action  of  serum  upon  the  systemic 
blood  vessels,  for  there  is  no  apparent  reason  why  these  vessels 
should  act  differently  in  the  perfused  and  intact  animal.  So  the 
pulmonary  vessels  were  studied  by  similar  methods  to  see  what 
possible  influence  they  might  exert  upon  the  blood  pressure  when 
treated  with  serum. 
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6      REACTION   OF  THE   PULMONARY  CIRCULATION  WHEN   PERFUSED 

As  is  well  known,  the  excised  lungs  perfused  with  Ringer  solu- 
tion at  body  temperature  shortly  become  quite  oedematous. 
Nevertheless  in  the  lungs  of  the  cat  I  have  been  able  to  demon- 
strate with  ease  and  beyond  a  doubt  that  the  blood  vessels  con- 
strict in  response  to  serum,  barium  chloride,  and  epinephrine,  and 
to  dilate  when  perfused  with  NaN02. 

Young  cats  were  given  ether,  a  cannula  tied  into  the  pulmonary 
artery,  the  lungs  were  washed  free  from  blood,  then  excised  and 
perfused  slowly  with  Ringer  solution  at  28°  to  30°  C,  at  a 
pressure  of  10  inches  of  Ringer.  In  some  experiments  the  lungs 
were  rhythmically  inflated  by  an  artificial  respiration  apparatus, 
in  other  experiments  the  artificial  respiration  was  omitted.  Since 
it  is  primarily  the  action  of  the  serum  with  which  I  am  at  present 
concerned,  the  discussion  will  be  limited  to  the  lungs  perfused 
in  the  condition  of  collapse  like  that  immediately  after  removal 
from  the  chest  cavity,  the  influence  of  rhythmical  inflation  being 
left  for  future  discussion.  If  a  continuous  series  of  perfusions  into 
the  pulmonary  artery  be  made  with  Ringer  alone,  a  gradual 
change  in  the  rate  of  flow  is  observed,  there  being  at  first  a  slightly 
increased,  and  later  a  gradually  diminishing  output.  If  after 
perfusing  from  100  to  200  cc.  of  Ringer  from  pressure  bottle  A, 
one  quickly  changes  and  perfuses  from  bottle  B,  containing  for 
each  100  cc.  of  solution,  20  cc.  of  horse  serum,  there  is  a  sudden 
drop  in  the  output  from  the  lungs.  The  following  protocol  illus- 
trates more  in  detail  a  single  experiment: 

Protocol  4 

Experiment  July  5,  1911.  Young  cf  cat,  non-sensitized,  weighing 
900  grams.  Ether  anesthesia,  nearly  to  point  of  respiratory  failure, 
chest  opened,  cannula  placed  in  right  pulmonary  artery,  right  auricle 
cut  open,  cannula  connected  with  two  constant  pressure  bottles,  A  con- 
taining Ringer,  B  containing  diluted  horse  serum,  20  cc.  serum  and  80 
cc.  Ringer,  A  and  B  10  inches  above  the  perfusion  cannula.  Each  per- 
fusion period  represents  50  cc.  of  solution,  measured  and  recorded  by  the 
method  described  by  Wiggers. 
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11:00    Perfused  50  cc.  in  113  seconds. 

11:02     Perfused  50  cc.  in  98  seconds. 

11:04+  Twenty  per  cent  serum  turned  on  after  the  perfusion  of 
about  15  cc.  of  Ringer,  perfusion  period  110  seconds. 

11:05+  Next  50  cc.  required  192  seconds  or  nearly  twice  the  time 
required  to  perfuse  the  Ringer  alone.     Changed  to  Ringer. 

11:40+  Injected  1  cc.  of  10  per  cent  NaN02  into  rubber  connexion, 
about  in  middle  of  perfusion  period  greatly  increased  rate,  period 
covering  169  seconds. 

11:53+  This  perfusion  period  would  have  taken  about  120  seconds, 
but  1  cc.  of  10  per  cent  BaCl2  was  injected  into  the  rubber  connexion, 
perfusion  rate  very  slow,  the  50  cc.  period  not  being  completed  until 
the  end  of  257  seconds. 

SUMMARY    AND    CONCLUSIONS 

It  is  evident  from  what  has  been  said  that  horse  serum  is  not 
such  a  harmless  and  inert  substance  as  was  formerly  supposed. 
Even  in  the  normal  animal  it  acts  quite  generally  upon  such  organs 
as  are  well  supplied  with  smooth  muscle.  Thus  in  some  intact 
animals  the  intestines  are  stimulated  to  marked  peristalsis,  and 
when  containing  feces  the  large  intestine  expels  it.  In  vitro  the 
intestinal  segments  are  either  stimulated  to  more  rapid  rhyth- 
mical movements  or  are  thrown  into  tonic  contraction;  the  bladder 
if  full  in  the  intact  animal,  is  emptied;  if  excised  and  suspended  in 
Ringer  and  treated  with  the  proper  concentration  of  serum  it  con- 
tracts. The  smooth  muscle  of  the  eye  is  also  affected,  as  will  be 
discussed  later.  The  uterus  of  an  intact  animal  is  thrown  into 
tonic  contraction  and  when  excised  is  stimulated  by  serum,  some- 
what like  the  intestine.  The  arterial  system  as  shown  by  per- 
fusion experiments  constricts  in  response  to  relatively  concen- 
trated solutions  of  serum.  The  pulmonary  circulation,  when 
perfused,  also  constricts  in  response  to  serum  and  finally  the 
excised  heart  when  perfused  by  Langendorfif's  method,  also  shows 
a  diminished  output  if  serum  is  added  to  the  circulating  media. 
One  is  then  justified  in  saying  that  all  muscle  that  has  the  general 
physiological  properties  of  intestinal  muscle,  reacts  towards  serum 
by  contracting. 
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Since  smooth  muscle  in  general  contracts,  or  is  stimulated  to 
greater  action  by  serum,  it  is  difficult  to  accept  the  common 
explanation  for  the  fall  of  blood  pressure  always  observed  in  con- 
nexion with  anaphylactic  shock  and  with  toxic  doses  of  proteins, 
for  as  is  generally  held  the  foreign  protein  paralyzes  the  vaso- 
motors and  causes  vasodilatation.  The  truth  of  the  matter  is 
that  in  the  cat  the  circulatory  disturbance  is  not  due  primarily 
to  the  splanchnics;  instead  the  primary  causes  are  factors  which 
result  in  a  block  in  that  part  of  the  circulation  occupied  by  the 
right  heart  and  pulmonary  arteries.  One  of  these  factors  is  the 
increased  resistance  offered  by  the  constricted  pulmonary  arteries, 
and  a  secondary  factor  is  the  action  of  the  serum  and  the  effects 
of  over  distension  upon  the  right  ventricle.  If  this  is  true  then, 
unless  the  pulmonary  constriction  is  too  patent,  gentle  massaging 
of  the  right  heart  before  fibrillation  sets  in  ought  to  force  enough 
blood  past  the  block  to  tide  the  tissues  over  until  the  vascular 
muscle  relaxes  sufficiently  to  admit  of  the  right  ventricle  perform- 
ing its  function.  Indeed,  this  is  sometimes  possible  and  I  have 
revived  several  animals  in  this  way.  This  is  also  in  accord  with 
results  described  in  an  earlier  paper,  in  which  it  was  pointed  out 
that  even  sensitized  muscle  sooner  or  later  relaxes  in  the  presence 
of  serum,  so  that  if  a  second  dose  of  serum  be  introduced  into  the 
suspension  fluid,  the  excised  muscle  again  contracts,  but  usually 
with  less  force  than  in  response  to  the  first  treatment.  So  also  in 
the  intact  animal,  one  or  two  hours  after  recovery  from  serum 
shock,  a  second  injection,  though  slightly  larger  than  the  first,  usu- 
ally has  less  action  in  both  non-sensitized  and  sensitized  cats.  If, 
therefore,  vaso-dilatation  plays  any  part  at  all  it  must  be  after 
the  serum  has  caused  vaso-constriction  of  the  coronary  and  pul- 
monary arteries,  and  possibly  after  systemic  vaso-constriction  at 
a  time  corresponding  to  the  period  of  relaxation  of  smooth  muscle 
when  in  contact  with  the  foreign  serum.  It  is  possible  that  this 
return  of  smooth  muscle  to  normal  along  with  any  extra  dilata- 
tion on  the  part  of  the  blood  vessels  might  aid  in  further  lowering 
the  blood  pressure,  but  certainly  it  is  not  an  important  factor  in 
causing  the  preliminary  fall  of  pressure.  The  cause  rather  lies 
in  the  two  factors  already  mentioned. 
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In  conclusion,  then,  one  might  summarize  the  most  important 
facts  as  follows: 

1.  Horse  serum  causes  constriction  of  the  pulmonary  arteries, 
coronary  arteries,  and  of  the  systemic  arteries,  and  also  acts 
directly  upon  the  heart-muscle. 

2.  In  both  normal  cats  and  in  cats  sensitized  with  horse  serum 
there  is  a  fall  of  blood  pressure,  following  an  intravenous  injection 
of  0.0010  to  0.0025  cc.  of  horse  serum  per  gram  body  weight. 
The  right  auricle  and  right  ventricle  become  gorged  with  blood, 
the  pulmonary  arteries  are  likewise  greatly  distended,  whereas 
the  left  heart  is  practically  empty.  Non-sensitized  cats  very 
often  recover  from  an  intrajugular  injection  of  0.0025  cc.  of  horse 
serum  per  gram  body  weight.  Highly  sensitized  cats  usually 
die  suddenly  after  intrajugular  injections  of  0.0020  and  even 
0.0010  cc.  of  horse  serum  per  gram  body  weight. 

3.  The  action  of  the  serum  is  peripheral,  since  destruction  of 
the  brain  and  spinal  cord  does  not  materially  alter  the  end  results. 
Furthermore,  perfusion  studies  as  well  as  other  studies  with  excised 
organs  yield  results  that  show  smooth  muscle  and  cardiac  muscle 
to  be  the  most  important  tissues  involved  in  causing  the  gross 
symptoms  of  anaphylactic  shock  observed  in  the  cat  and  dog. 

4.  The  abdominal  blood  vessels  play  at  best  only  a  secondary 
part  in  causing  the  low  blood  pressure  since  a  fall  of  blood  pres- 
sure is  obtained  when  all  abdominal  vessels  are  clamped  off. 

5.  Atropin  sulphate  may  or  may  not  influence  the  circulatory 
phenomena.  It  is  only  very  large  doses  of  atropin  that  seem  to 
have  any  influence  upon  the  action  of  serum  when  the  protein  is 
intravenously  injected  in  doses  of  0.0010  to  0.0025  cc.  per  gram 
body  weight. 

6.  Horse  serum  kills  cats,  then,  by  its  action  upon  the  cardio- 
pulmonary system  and  not  by  vaso-dilatation  of  the  systemic 
blood  vessels  alone  the  distension  of  the  large  abdominal  and 
thoracic  veins  being  for  the  most  part  passive.  The  rate  of 
injecting  the  serum  into  the  jugular  vein,  as  well  as  the  total 
amount  injected  at  once,  greatly  influences  the  blood  pressure 
and  cardiac  phenomena,  large  doses  rapidly  injected  being  more 
certainly  fatal. 
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,      I.      HISTORICAL  AND  GENERAL 

Poisons  of  animal  origin,  usijig  this  term  in  its  widest  sense,  have 
always  been  of  interest  to  the  student  of  medical  science,  and  of 
late  years  they  have  in  several  instances  become  of  actual  value 
to  the  medical  practitioner.  Among  poisons  of  animal  origin" 
may  be  named  the  various  snake  venoms,  the  poisons  of  amphibia, 
of  fishes,  (e.g.,  the  fugu  poison  of  Japan),  of  mussels  (mytilo- 
toxin),  of  scorpions,  spiders,  bees,  ants,  beetles  (e.g.,  cantharidin), 
and  other  insects.  Among  poisons  derived  from  the  organs  of 
mammals  may  be  named  those  obtained  from  the  thyroid  and 
suprarenal  and  pituitary  glands  as  having  a  very  high  therapeutic 
value. 

While  continuing  our  studies,  in  the  autumn  of  1910,  on  the 
convulsant  action  of  certain  organic  dyestuffs,'  acid  fuchsin,  beta- 
naphthol,  phenolsulphonephthalein,  and  tropaeolin,  we  had  the 
opportunity  of  trying  the  effect  of  these  substances  on  a  tropical 
toad,  Bufo  agua.  While  engaged  in  this  study  our  interest  was 
aroused  by  the  milky  secretion  which  exudes  from  its  ''parotid" 
glands  when  the  animal  is  greatly  irritated.  Scraping  off  some  of 
the  secretion  with  a  knife,  we  were  struck  by  the  bluish-green 
discoloration  which  appeared  on  the  blade  soon  after  it  had  been 
used.  This  observation  led  us  to  test  some  of  the  diluted  secre- 
tion with  ferric  chlorid.  This  reagent  was  found  to  develop  the 
characteristic  green  color  of  the  pyrocatechin  reaction.  As  this 
reaction  is  given  by  the  active  principle  of  the  suprarenal  glands, 
further  tests  were  at  once  undertaken  with  the  object  of  identi- 
fying the  substance  in  the  toad's  secretion  which  reacts  with  ferric 

chlorid  as  described.     It  was  not  a  difficult  task  to  demonstrate 
1 

2  Faust,  Die  Thierischen  Gifte.     1906. 

3  Barbour  and  Abel:  This  Journ.,  ii,  167,  1910. 
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that  we  were  here  dealing  with  a  substance  which  is  identical 
with,  or  closely  alhed  to,  the  suprarenal  principle.  Further  work 
on  the  secretion  of  the  glands  demonstrated  the  presence  of  a 
second  body  which,  in  respect  to  its  pharmacologic  action,  is  to 
be  classed  with  substances  belonging  to  the  digitahs  group  of 
poisons. 

The  toad  has  been  regarded  from  the  earliest  times  as  a  ven- 
omous animal.  In  the  Talmud*  under  the  name  of  tzab  (from  the 
root  meaning  to  swell  or  puff  up)  it  is  differentiated  from  the  frog 
and  is  classed  with  animals  whose  touch  contaminates.  Various 
peoples  have  made  medicinal  use  of  the  toad.  The  Chinese  have 
long  used  as  a  remedy  a  preparation  derived  from  toadskins  which 
they  call  senso.  According  to  a  preliminary  notice  by  Hyashi,* 
senso  is  an  impure  product  similar  in  its  action  to  digitalis,  but 
fifty  to  one  hundred  times  more  powerful.  Western  nations  also 
made  use  of  the  toad  for  medicinal  purposes  during  several  cen- 
turies and  many  European  medical  treatises  and  pharmacopoeias 
of  an  earher  day  give  to  the  dried  toad  a  prominent  place  among 
therapeutic  agents.  Thus,  in  the  ''Thesaurus  Pharmakologicus" 
of  Johannes  Schroder,  pubHshed  in  Ley  den  in  1672,  and  in  the 
''Pharmacologia"  of  Samuel  Dale,  published  in  London  in  1692, 
powdered  toad  is  highly  recommended  for  dropsy,  bleeding  of  the 
nose  and  other  ailments.  In  the  ''London  Dispensatory"  of 
1702,  edited  by  William  Salmon,  professor  of  physick,  we  read, 
''They  (the  toads)  are  hung  up  by  the  neck  in  the  air  till  they  are 
through  dry,  and  then  kept  for  use.  Wierus  saith  that  the 
poudre  of  a  dry'd  toad  taken  5ss-  at  a  time  or  more,  cures  almost 
incurable  dropsies,  carrying  away  the  water  by  urine.  I  suppose 
the  ashes  of  them  burned  is  better."  In  an  abridged  text^  of  some 
of  the  medical  writings  of  Michael  Etmiiller  (1644-83),  professor 
of  medicine  at  Leipsic,  it  is  stated  that  "living  toads  aroused  to 

*  Hoffmann,  D. :  Das  Buch  Leviticus,  Berlin,  1905,  i,  342.  Babylonian  Talmud, 
Kethuboth  15  a;  Mishna,  Teharoth,  v.  1. 

5  Deutsch.  med.  Wchnschr.,  1911,  No.  13,  p.  624. 

*  Michaelis  EtmuUeri  Opera  in  Compendium  redacta,  Londini,  1701,  p.  147. 
In  translating  these  passages  we  have  omitted  a  few  sentences  from  the  paragraph 
in  which  they  are  found  as  being  of  less  interest  to  the  reader. 
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the  point  of  fury  are  venomous,  but  found  dead  they  are  entirely 
devoid  of  poison.  Transfixed  (aUve)  in  the  month  of  July,  dried, 
powdered  (the  head  and  entrails  being  removed)  and  administered 
in  doses  of  twelve  grains  on  alternate  days  they  furnish  an  excel- 
lent cure  for  dropsy.  Others  administer  this  remedy  in  burning 
fever  at  its  height.  Powdered  toad  is  also  an  effective  remedy 
against  incontinence  of  urine,  and  is  said  to  be  efficacious  because 
of  its  anodyne  character,  while  its  volatile,  penetrating  salt  acts 
as  a  diuretic.  From  it  an  anodyne  oil  is  also  prepared  with  the 
aid  of  sea-salt  and  sweet  almonds." 

Toads  as  remedial  agents  are  further  mentioned  in  the  '' Phar- 
macopeia Universalis"  of  R.  James,  M.D.,  London,  1747,  in  the 
''English  Dispensatory"  of  John  Quincy,  M.D.,  London,  1749, 
and  as  late  as  1833,  but  here  in  a  skeptical  way  only,  by  J.  A. 
Paris  in  his  ''Pharmacologia." 

Further  testimony  that  very  powerful  principles  are  found  in 
toads  is  seen  in  the  fact  that  primitive  peoples  have  made  use  of 
their  skin  secretion  as  arrow  poisons.    Thus,  Pagenstecher  writes :' 

According  to  reports  made  by  the  botanist  Andre,  which  have  been 
substantiated  by  Safifray,  the  Choco  Indians  of  the  primeval  forests  of 
the  Sierra  Templada  of  New  Granada  at  elevations  up  to  2000  meters 
employ  for  this  purpose  the  secretion  of  a  species  of  pelobates  ("spade- 
footed"  toad).  The  animal  is  placed  in  a  tube  of  bamboo,  the  hands  of 
the  operator  being  protected  with  leaves,  and  when  some  of  the  poison 
is  desired  the  tube  containing  the  toad  is  suspended  high  over  a  fire. 
The  toad  soon  becomes  covered  with  a  yellow  juice  which  is  allowed  to 
drop  into  bowls  from  which  it  is  transferred  to  small  pots  in  which  it 
gradually  acquires  the  consistence  of  curari.  A  further  supply  of  the 
poisons  may  later  be  obtained  from  the  toads  thus  treated.  The 
poison  is  smeared  on  to  the  tips  of  arrows  which  are  shot  into  game  from 
blowing  tubes.  A  small  stag  is  killed  by  a  poisoned  arrow  in  from  two 
to  four  minutes,  a  jaguar  in  from  four  to  eight  minutes. 

And  in  regard  to  the  particular  toad  which  is  engaging  our 
attention,  Filho^  makes  the  following  statements: 

^  Pagenstecher:  Allegemeine  Zoologie,  as  cited  by  Robert,  Lehrbuch  der  Intox- 
ikationen,  Edition  2,  1906,  ii,  470. 

*  Filho,  Lacerdo,  Algumas  Experiencias  com  o  veneno  do  Bufo  ictericus  (Spix), 
Archivos  do  Mus.  Nacion.  do  Rio  Janeiro,  1878,  iii,  33. 
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There  exsts,  more  particularly  in  the  regions  of  the  Amazon  a  spe- 
cies which  is  a  veritable  giant  among  toads  and  which  Spix  has 
described  under  the  name  of  Bufo  agua,  whose  venom  it  would  be 
worth  while  to  study.  It  is  very  probable  that  this  is  the  species  from 
which  the  aborigines  of  the  Amazon  derive  the  poison  with  which  they 
smear  the  points  of  their  arrows,  in  place  of  a  sort  of  curara  which 
certain  other  tribes  use. 

Further  details  in  regard  to  the  use  of  the  poison  of  Bufo  agua 
have  not  yet  come  to  our  knowledge,  but  our  own  experiments 
with  it  give  abundant  proof  that  it  would  be  very  deadly  indeed 
when  used  as  an  arrow  poison. 

Bufo  agua  (horridus,  maculiventris,  marinus,  humeralis,  ornatus, 
ictericus,  Lazarus,  Rana  marina,  Bomhinator  horridus,  Neotes, 
Pseudobufo  and  Docidophryne  agua)  is  the  largest  of  the  Anura,  or 
tailless  amphibia,  attaining  a  length  of  20  or  more  centimeters 
and  a  breadth  of  12  cm.  It  is  found  in  all  of  the  countries  and 
most  of  the  islands  of  South  and  Central  America,  and  in  the 
warmer  parts  of  Mexico.^ 

The  spec  mens  examined  by  us  were  obtained  from  the  neigh- 
borhood of  Montego  Bay,  Jamaica,  where  they  are  popularly 
known  as  bullfrogs. ^^  The  general  color  of  the  animal  is  light  to 
dark  brown  with  sooty  dark  patches  and  its  back  is  covered  with 
warty  protuberances.  A  striking  feature  is  two  large  oval, 
so-called  '^parotid  glands"  behind  each  ear.  It  is  from  these 
"glands"  that  our  poison  is  obtained.  According  to  Seeck," 
these  structures  consist  of  simple,  elongated  glands  closely  packed 
together,  the  whole  bearing  a  resemblance  to  a  honeycomb. 
When  the  glands  are  hardened  in  alcohol  their  lumen  is  filled  with 
a  brownish  compact  mass. 

»  Brehm,  A.  C:  Thierleben,  Allgemeine  Kunde  des  Thierreichs,  1878,  vii,  602; 
Waite,  F.  C. :  Bufo  Agua  in  the  Bermudas,  Science,  1901,  xui,  342.  Gosse,  P.  H. : 
A  Naturalist's  Sojourn  in  Jamaica,  London,  1851,  p.  431. 

1°  We  are  indebted  to  Prof.  E.  A.  Andrews  of  this  university  for  much  assistance 
in  obtaining  a  sufficient  supply  of  these  animals. 

"  Seeck,  Oscar:  Ueber  die  Hautdriisen  einiger  Amphibien,  Diss.  Dorpat,  1891. 
See  also  a  histological  study  by  G.  Calmels:  Arch,  de  Physiol.,  3d  ser.,  I,  p.  321, 
1883. 
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Bristol  and  Bartelmez,  in  a  short  note  in  Science/^  say  of  the 
poison  glands  of  Bufo  agua: 

The  poison  glands  are  found  only  on  the  upper  surface  of  the  body, 
while  mucous  glands  are  found  all  over  the  skin,  and  are  crowded  together 
in  large  parotoid  "glands"  behind  each  ear.  They  are  much  larger  than 
the  mucous  glands  and  extend  deep  down  into  the  compact  corium  layer. 
They  are  surrounded  by  a  thin  layer  of  loose  connective  tissue  which 
contains  nerve  fibers  and  a  dense  net-work  of  capillaries.  There  is  an 
almost  continuous  layer  of  smooth  muscle  fibers  about  the  gland.  The 
cells  of  the  glandular  epithelium  develop  to  an  enormous  size,  and  when 
they  mature  they  disintegrate,  their  entire  plasm  becoming  the  secretion, 
so  that  when  a  poison  gland  has  reached  its  full  development  it  is  simply 
a  reservoir  of  poison.  "When  the  poison  is  discharged  the  remains  of  the 
glands  are  resorbed,  and  at  the  same  time  one  of  the  five  or  six  undevel- 
oped glands,  grouped  around  the  mouth  of  the  functioning  gland,  grows 
down  alongside  the  remains  of  the  discharged  gland,  pushing  it  aside 
to  occupy  its  former  place. 

When  the  animal  is  irritated  as  by  the  bite  of  a  dog  or  by  some 
other  sufficiently  powerful  stimulus,  mechanical,  chemical  or 
electric,  the  parotid  glands  exude  a  large  amount  of  a  creamy 
secretion  having  a  pungent  aromatic  odor.  The  glands  are  cer- 
tainly under  the  control  of  the  central  nervous  system,  as  their 
secretion  is  discharged  in  consequence  of  a  peripheral  irritation  of 
sufficient  strength.  Budgett^^  states  that  ''the  enormous  parotid 
glands  are  discharged  like  squirts  when  the  creature  is  roughly 
handled."  We  have  not  ourselves  observed  anything  of  this 
kind,  though  we  have  repeatedly  "milked"  as  many  as  sixty  of 
the  animals  at  a  time.  Under  chemical  and  mechanical  stimula- 
tion we  have  only  noticed  free  exudation  from  the  openings  of 
the  gland.  We  obtained  the  needful  amounts  of  this  secretion 
by  the  simple  device  of  squeezing  (or  ''milking")  the  parotid 
glands  with  a  curved  hysterectomy  forceps,  catching  the  secretion 
as  it  spurted  out  from  the  numerous  orifices  into  a  large  glass 
bowl  held  inverted  over  the  toad.     The  semifluid  substance  thus 

^^  Bristol  and  Bartelmez:  Science,  1908,  xxvii,  455. 
13  Quart.  Jour.  Microsc.  Sc,  1899,  xlii,  305. 
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obtained  quickly  dries  in  the  air  to  form  hard,  brittle  scales  of  a 
yellow  color,  presenting  much  similarity  in  appearance  to  dried 
snake  venom.  When  the  air-dried  scales  are  brought  into  con- 
tact with  water  they  swell  up  to  gelatinous  masses,  and  in  the 
presence  of  much  water  an  opalescent,  neutral  foamy  emulsion 
is  obtained  of  a  most  nauseating  bitter  taste  and  pungent  odor. 
In  its  physical  properties,  the  secretion  presents  great  similarity 
to  some  other  animal  poisons,  such  as  the  Habu  snake  venom 
described  by  Ishizaka.^* 

Experiments  made  with  the  crude  poison 

A  little  of  the  emulsified  secretion,  well  diluted  with  0.8  per 
cent  solution  of  sodium  chlorid  and  instilled  into  the  conjunctival 
sac  of  the  dog  or  cat,  will  quickly  cause  an  extreme  constriction 
of  its  blood-vessels  so  that  the  conjunctiva  becomes  blanched. 
This  action  is  due  mainly  to  the  epinephrin  contained  in  the  secre- 
tion, but  in  small  part  also  to  the  digitalis-like  body.  WTien  this 
latter  substance,  however,  is  applied  to  the  eye  in  the  form  of 
a  solution  of  the  pure  crystals  it  causes  at  first  a  momentary  con- 
striction of  the  smaller  vessels  of  the  conjunctiva,  but  this  is 
soon  followed  by  a  marked  dilatation,  so  that  great  injection  and 
irritation  result.  No  dilatation  of  the  vessels  of  the  eye  is  ob- 
served when  only  very  dilute  solutions  of  the  crude  poison  are 
used,  as  in  this  case  the  action  of  the  epinephrin  preponderates. 

A  little  of  the  emulsion  injected  into  the  abdominal  lymph-sac 
of  a  pithed  frog  will  soon  cause  slowing  of  the  heart,  with  apparent 
prolongation  of  the  diastolic  pause  and  increase  in  the  ventricular 
contractions.  The  final  effect  is  complete  stand-still  of  the  heart 
in  systole. 

Little,  if  any,  effect  is  noted  when  only  a  small  quantity  of  the 
dried  venom  is  given  to  an  animal  by  mouth.  Thus,  a  cat  weigh- 
ing 2.27  kg.,  received  0.035  gram  concealed  in  meat.  Not  the 
slightest  objective  symptom  was  noted  during  the  afternoon  on 
which  the  animal  was  under  observation.     In  giving  the  last 

"  Ishizaka:  Ztschr.  f.  exp.  Path.  u.  Therapie,  1907,  iv,  88. 
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piece  of  meat  with  the  venom  concealed  in  it,  however,  a  minute 
piece  of  the  poison  came  into  contact  with  the  animal's  mouth. 
The  effect  was  remarkable  in  causing  a  profuse  flow  of  foamy- 
saliva.  When  the  animal  had  ejected  the  last  traces  of  the  poison 
from  its  mouth,  which  was  accomplished  in  a  few  minutes,  it  at 
once  returned  to  its  former  state  of  quiet  content.  The  absence 
of  striking  symptoms  when  even  a  considerable  quantity  of  the 
crude  venom  is  given  by  mouth  is  explicable  when  it  is  recalled 
that  the  digitalis-like  substance  of  the  venom  is  only  shghtly 
soluble  in  water  and  that  the  hard,  dry  scales  of  the  crude  poison 
require  considerable  time  for  their  solution.  It  will  be  shown 
later  that  this  principle  is  highly  toxic  when  injected  by  itself, 
either  subcutaneously  or  intravenously,  so  small  a  quantity  as 
1.5  mg.  nearly  causing  the  death  of  a  very  large  cat. 

Injected  intravenously  into  a  large  cat,  a  Quantity  of  the 
emulsion  containing  less  than  0.020  gram  of  the  crude  dried  venom 
induced  a  tremendous  rise  of  blood-pressure  followed  immediately 
by  a  fall  due  to  a  sudden  and  complete  stand-still  of  the  heart. 

When  a  larger  quantity  of  the  dried  crude  venom  is  introduced 
into  the  stomach  more  marked  symptoms  are  produced.  Thus, 
0.1  gram  of  the  poison  enclosed  in  a  capsule  was  given  on  an  empty 
stomach  to  a  dog  weighing  5.8  kg.  In  ten  minutes  a  clear  bile- 
stained  fluid  containing  most  of  the  poison  was  ejected.  This  was 
followed  by  retching  and  repeated  vomiting  and  profuse  sahva- 
tion,  all  of  which  continued  at  frequent  intervals  for  twenty  min- 
utes. For  an  hour  following,  during  which  time  the  animal  was 
kept  under  observation,  it  was  much  depressed.  On  the  follow- 
ing morning  it  had  quite  recovered.  In  regard  to  this  experiment 
we  would  say  that  the  amount  of  epinephrin  present  in  the  venom 
given  to  this  dog  would  alone  suffice  to  induce  vomiting  if  given 
on  an  empty  stomach. 

It  may  further  be  mentioned  that  an  emulsion  of  the  crude 
venom  is  a  powerful  and  rapidly  acting  agglutinating  agent^^  for 
the  red  corpuscles  of  the  rabbit,  the  only  animal's  blood  tested 
in  this  connection. 

1*  Compare  Fr.  Proscher  on  the  haemolytic  action  of  an  extract  obtained  from 
the  skin  of  two  European  toads,  Bombinator  igneus  and  Bufo  cinereus.  Beitr.  z. 
chem.  Physiol,  u.  Pathol.,     I,  575. 


CRYSTALLINE    PRINCIPLES    FROM    BUFO    AGUA  327 

II.       ON    THE     PRESENCE     OF     DIHYDROXY-METHYL-AMINO-ETHYLOL 

BENZENE,  C6H3(OH)2.CHOH.CH2NHCH3,  in  the  secretion 

OF  THE  POISON  GLANDS 

Note  by  the  senior  author  {A.) 

Fortune  has  throwTi  in  our  way  an  animal  secretion  which  most 
unexpectedly  is  found  to  contain  a  principle  which  has  hitherto  appeared 
only  in  the  suprarenal  glands  and  in  homologous  chromaphil  structures. 
In  collaboration  ^^^th  A.  C.  Cra^^iiord,  I  isolated  the  active  principle  of 
the  suprarenal  glands  of  sheep  and  beeves  in  the  form  of  physiologically 
active  salts  which  I  named  salts  of  epinephrin,  for  example,  epinephrin 
bisulphate,  picrate,  etc.  The  elementary  composition  of  several  com- 
pounds was  established  by  analysis  and  for  epinephrin  bisulphate,  for 
example,  was  found  to  be  represented  by  the  formula,^^  C17H15NO4. 
H2SO4. 

In  all  of  my  published  papers^^  of  that  period  (1897-1899)  it  was  con- 
stantly emphasized  by  me  that  epinephrin  is  an  unstable,  basic  substance, 
preciptiable  from  solutions  of  its  active  salts  by  ammonia  and  capable 
of  being  separated  from  the  other  constituents  of  the  suprarenal  glands 
by  the  proper  use  of  benzoyl  chlorid.^*  And  this  at  a  time,  I  may  perhaps 
be  permitted  to  say,  when  von  Furth,^'  another  investigator  in  this  field, 
was  upholding  the  supposition  that  epinephrin  is  either  tetrahydro- 
dioxj-pyridin,  C6H9NO2,  or  dihydrodioxj-pjTidin,  C5H7NO2. 

Later  work^^  of  mine  showed  that  what  I  called  epinephrin,  and  salts 
and  compounds  of  epinephrin,  had  each  and  all  retained  one  of  the  ben- 
zoyl radicles  which  I  had  purposely  introduced  into  the  molecule  when 
I  employed  benzoyl  chiorid  as  a  precipitant.     In  consequence  of  the 

"  Abel  and  Crawford:  Bull.  Johns  Hopkins  Hosp.,  1897,  viii,  151.  Abel:  Ibid.j 
1898,  ix,  215;  Ztschr.  f.  physiol.  Chem.  (Hoppe-Seyler's),  1899,  xxviii,  318;  Bull. 
Johns  Hopkins  Hosp.,  1901,  xii,  339;  Ibid.,  1902,  xiii,  31;  Ber.  d.  deutsch.  chem. 
Gesellsch.,  1903,  xxxvi,  1839;  Ibid.,  1904,  xxxvii,  368;  Am.  Jour.  Pharmacy,  1903, 
Ixxv,  301;  Contributions  to  Medical  Research  dedicated  to  V.  C.  Vaughan,  1903, 
pp.  1.38,  165;  Jour.  Biological  Chemistry.  1905,  i,  1. 

1^  References  are  given  in  my  papers  to  the  discovery  of  Oliver  and  Schafer  and 
Szymonowicz  and  Cybulski,  who  first  noted  the  presence  of  a  vasoconstrictor 
principle  in  the  suprarenal  glands,  as  also  to  the  earlier  papers  dealing  with  the 
chemical  constituents  of  the  glands. 

1*  See  Ztschr.  f.  physiol.  Chem.  (Hoppe-Seyler's,)  xxviii,  218. 

"Von  Furth:  Ztschr.  f.  physiol.  Chem.  (Hoppe-Seyler's),  1898,  xxiv,  142; 
1898-1899,  xxvi,  15. 

^o  Abel:  Bull.  Johns  Hopkins  Hosp..  1901,  xii,  339. 
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retention  of  a  benzoyl  radicle  (an  unusual  circumstance  in  work  of  this 
kind)  my  salts  showed  a  number  of  so-called  alkaloidal  reactions  in  addi- 
tion to  those  which  belong  to  the  entirely  unaltered  native  compound 
and  which  were  likewise  given  by  my  active  salts. 

Following  this  work  came  the  next  step,  the  preparation  of  an  amor- 
phous indigo-colored  iron  compound  of  the  active  principle  by  von 
Furth,2i  for  which,  however,  at  this  time  no  analytic  data  were  given 
from  which  a  molecular  formula  could  be  calculated.  Very  soon  after 
came  the  work  of  Takamine^^  and  Aldrich^^  who  succeeded  in  precipitat- 
ing the  base  from  concentrated  extracts  of  the  gland  by  the  use  of 
ammonia  without  the  assistance  of  such  agents  as  benzoyl  chlorid  or 
chlorid  of  iron.  The  formula  CgHjsNOs,  first  proposed  by  Aldrich,  has 
proved  to  be  the  one  which  truly  represents  the  composition  of  our  sub- 
stance, but,  as  that  chemist  has  remarked,  "it  is  interesting  to  note  in 
this  connection  that  if  we  subtract  a  benzoyl  residue  from  Abel's  formula 
for  epinephrin — C17H15NO4 — we  obtain  a  formula — C10H10NO3 — which 
is  not  far  removed  from  that  of  adrenalin."  Such  a  result  is  not  due  to 
chance  and  could  have  been  obtained  only  from  the  study  and  analysis  of 
chemical  individuals  which  were  fairly  pure  and  which  as  was  later  shown 
had  actually  retained  a  single  benzoyl  radicle,  CeHs.CO. 

Next  came  the  brilliant  researches  of  the  chemists,  Dakin,  Jowett, 
Pauly,  Friedmann,  Stolz  and  Flacher  which  have  finally  culminated 
in  the  synthetic  production,  first  of  the  racemic  and  now  of  the  laevoro- 
tatory  form  as  produced  in  the  animal  organism  itself. 

The  Council  on  Pharmacy  and  Chemistry  of  the  American  Medical 
Association  has  lately  adopted^*  the  name  epinephrin  for  the  active  prin- 
ciple of  the  suprarenal  glands  in  preference  to  using  a  "protected" 
name  and  it  is  for  this  reason  that  we  are  using  the  word  in  this  paper. 

As  already  indicated  the  fine  green  color  produced  by  the  addi- 
tion of  ferric  chlorid  to  a  solution  of  the  crude  poison  of  our  toad 
together  with  the  fact  that  such  a  solution  finally  turns  pink  when 
exposed  to  the  air  and  that  it  exerts  a  powerful  vasoconstricting 
action  sufficed  to  show  that  we  had  discovered  a  substance  closely 
allied  to,  if  not  identical  with  the  vasoconstrictor  principle  of  the 

21  Von  Furth:  Ztschr.  f.  physiol.  Chem.  (Hoppe-Seyler's),  1899-1900,  xxix,  105. 

22  Takamine:  Therap.  Gaz.,  1901,  xxv,  221;  Am.  Jour.  Pharm.,  1901,  Ixxiii,  523. 
"Aldrich:  Am.  Jour.  Physiol.,  1901,  v,  457. 

2*  Proprietary  versus  Unprotected  Names,  The  Journal  A.  M.  A.,  March  25, 
1911,  p.  910. 
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suprarenal  glands.  The  results  of  additional  tests  made  with 
solutions  of  the  crude  venom  confirmed  this  conclusion.  For 
example,  the  addition  of  ammonia  or  other  alkali  brought  out  a 
fine  pink  color  which  appeared  instantly  and  was  intensified  by 
the  addition  of  a  trace  of  iodin  or  other  oxidizing  agent,  and  on 
boiling  with  Fehling's  solution  or  with  ammoniacal  silver  nitrate 
solution  reduction  of  both  solutions  occurred  promptly. 

Two  methods-^  of  isolating  the  newly  found  substance  were 
employed,  only  one  of  which  will  here  be  described.  From  6  to 
15  grams  of  the  air-dried  venom  were  rubbed  up  with  water  until 
a  thin,  foamy,  opalescent  solution,  or  rather  emulsion,  was 
obtained.  This  was  repeatedly  shaken  with  fresh  quantities  of 
a  mixture  of  ether  and  chloroform  (1  : 4)  by  which  means  the 
digitaUs-like  body  was  removed.  The  solution  was  then  diluted 
with  much  water,  whereon  the  mucoid  and  other  contaminating 
substances  were  quickly  removed  by  precipitation  with  basic 
lead  acetate  and  the  pinkish  filtrate  was  immediately  treated 
with  hydrogen  sulphid,  freed  from  the  precipitated  sulphid  of 
lead  and  concentrated  to  a  small  bulk  under  diminished  pressure. 
The  above  operations  from  the  moment  of  adding  the  solution  of 
basic  lead  acetate  to  that  of  introducing  the  sulphuretted  hydro- 
gen must  be  carried  on  with  great  celerity,  as  otherwise  there, 
would  be  danger  of  injuring  the  epinephrin,  since  the  filtrate 
unavoidably  becomes  slightly  alkaline.  Then  too,  the  precipi- 
tation with  basic  lead  acetate  must  be  undertaken  with  highly 
dilute  solutions  of  the  venom  only,  as  otherwise  too  large  an 
amount  of  epinephrin  will  be  retained  in  the  precipitate  of  inert 
substances.  When  the  filtrate,  which  has  been  freed  from  lead 
sulphid,  has  been  sufficiently  concentrated  by  distillation  under 
diminished  pressure  it  is  only  necessary  to  add  ammonia  to  obtain 
the  epinephrin  in  crystalhne  form.  By  dissolving  in  acetic  acid, 
adding  a  small  amount  of  sodium  sulphite  and  again  precipitating 
with  ammonia,  a  very  pure,  ashless  and  almost  colorless  product 
is  obtained. 

**  The  other  method  was  that  elaborated  by  Abel  for  the  isolation  of  epinephrin 
from  the  suprarenal  glands  of  beeves.  See  Ber.  d.  deutsch.  chem.  gesell,  xxxvi,  p. 
1841.    1903. 


330  JOHN   J.    ABEL   AND    DAVID    I.    MACHT 

The  results  of  combustion  analyses  with  products  obtained  in 
this  way  are  as  follows: 

I  II  III 

Product    Analyzed  Product  Analyzed  Theoretical  Require- 
After  Second  Pre-  After  Third  Pre-  ments  for  Formula, 
cipitation;    No  cipitation:    Sul-  CgHisNOa 
Sulphite  Used  phite  Used 

C     =  58.02  C    =  68.68  C    =  59.02 

H     =     6.87  H  =     7.56  H   =     7.10 

N    =    7.74;  7.88  N   =     7.65 

I.    0.1223  gram  substance  gave  0.2602  gram  CO2  and  0.0751  H2O,  or  58.02  per  cent 
C  and  6.87  per  cent  H. 

0.2296  gram  substance  gave  16.05  cc.  N  at  20.5°  C.  under  a  barometric  pres- 
sure of  738  mm.  from  which  it  is  seen  N  =  7.74  per  cent. 
0.2082  gram  substance  gave  14.4  cc.  N  at  19.5°  C  under  a  barometric  pressure 
of  758.5  mm.  from  which  it  is  seen  that  N  =  7.88  per  cent. 
II.    0.1060  gram  substance  gave  0.2282  gram  CO2  and  0.0721  gram  H2O,  or 58.68  per 
cent  C  and  7.56  per  cent  H. 

It  will  be  seen  that  the  analytical  results  here  given,  especially 
those  obtained  with  the  more  highly  purified  preparation,  stand 
in  good  agreement  with  the  theoretical  requirements  for  the  ac- 
cepted formula,  C9H13NO3,  and  prove  that  the  elementary  com- 
position of  the  epinephrin  from  the  toad  is  identical  with  that 
found  in  the  suprarenal  glands  of  the  higher  animals. 

Like  the  principle  obtained  from  the  suprarenal  glands,  Bufo 
epinephrin  turns  the  plane  of  polarized  light  to  the  left.  Epi- 
nephrin (0.078  gram)  obtained  from  our  toads  and  three  times 
crystallized,  when  dissolved  in  8  cc.  of  water  acidulated  with 
acetic  acid  containing  a  trace  of  sodium  sulphite,  gave  a  polar- 
imetric  reading  of  —1.00°  in  a  2  decimeter  tube  with  sodium 
light,  whence: 

20° 

[a]  =  —  51.30°,  the  specific  rotation. 

This  rotation  is  in  perfect  agreement  with  that  obtained  by 
Flacher^^  ( —51.40°)  with  the  highly  purified  natural  product,  and 
differs  from  that  obtained  by  Abderhalden  and  Guggenheim" 

26  Ztschr.  f.  physiol.  Chem.,  1908-1909,  Iviii,  189. 
"  Ztschr.  f.  physiol.  Chetn.,  1908,  Ivii,  329. 
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for  the  synthetic  levo-product  (Z-suprarenin)  by  the  error  of  the 
instrument  only. 

Physiological  action 

In  regard  to  its  physiologic  activity — we  need  only  state  that 
the  rapid  injection  of  so  small  a  quantity  as  O.OOOOO^  gram  (1 
cc.  of  a  0.0004  per  cent  solution)  into  the  femoral  vein  of  a  dog 
weighing  6  kg.  caused  a  rise  of  blood-pressure  amounting  to  20 
mm.  of  mercury  as  measured  in  the  femoral  artery  and  that  the 
injection  of  0.000008  gram  (2  cc.  of  a  0.0004  per  cent  solution) 
caused  a  rise  of  26  mm.  The  physiologic  activity  of  the  substance 
is  seen,  therefore,  to  equal  that^*  of  the  purest  specimens  of  epi- 
nephrin  that  have  been  hitherto  isolated. 

It  may  also  be  stated  that  this  epinephrin  acts  promptly  as  a 
vasoconstrictor  when  appUed  to  the  blood-vessels  of  Bufo  agua, 
the  toad  from  which  it  is  derived.  In  other  words,  the  animal  has 
not  acquired  an  immunity  against  this  poison;  small  hemorrhages 
in  this  toad  are  as  easily  controlled  by  a.  local  application  as  in 
other  animals,  and  when  a  pithed  toad  is  prefused  with  Locke's 
solution  containing  a  small  amount  of  the  new  epinephrin,  its 
arterioles  are  found  to  be  just  as  responsive  to  the  drug  as  are  those 
of  the  frog  (R.  clamata  or  pipiens). 

A  protocol  of  a  perfusion  experiment  (Experiment  1)  is  here 
given  in  which  it  is  shown  that  0.0001  gram  of  bufo-epinephrin 
very  quickly  produces  a  marked  constriction  of  the  blood  vessels 
of  a  pithed  toad.  It  is  further  to  be  noted  that  the  vasoconstric- 
tion is  of  considerable  duration,  the  effects  of  a  single  injection 
into  the  perfusion  tube  lasting  for  nineteen  minutes.  Much 
smaller  quantities  of  bufo-epinephrin  than  were  used  in  Experi- 
ment 1  were  found  to  be  effective,  thus  so  small  a  quantity  as 
0.000004  gram  injected  as  above  stated  was  still  found  to  be  effec- 
tive, reducing  the  outflow  from  fifteen  drops  to  eight  drops  in  the 
minute.  We  have  made  no  quantitative  experiments  to  deter- 
mine exactly  the  comparative  sensitiveness  of  Bufo  agua  and 
Rana  clamata  to  bufo-epinephrin  but  the  above  data  prove  that 

**  Schultz,  W.  H. :  Bulls.  55  and  61,  U.  S  Pub.  Health  and  Marine  Hosp.  Service, 
Washington,  D.  C. 
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this  toad  is  highly  sensitive  to  the  action  of  its  vasoconstrictor 
principle.  Fig.  1  gives  a  part  of  the  tracing  in  illustration  of  the 
protocol  of  Experiment  1. 


^.„___„ "■'■ -V 1 

y^e/it;--^    ^o   }7or^ni^i/- 

a/Zer 

/^^  /^}'/n. 

Fig.  1.  Perfusion  of  blood-vessels  of  B.  agua  with  Bufo-epinephrin  at  a  pres- 
sure of  30  cm.  Salt  solution.  Drop  Record.  Single  injection  of  1  cc.  of  a  solu- 
tion containing  0.0001  gm.  Bufo-epinephrin  injected  at  \,  through  the  rubber 
tube  close  to  the  perfusion  cannula  in  the  aorta.  Lower  tracing  in  each  part  of 
the  figure  is  the  time  curve  (seconds). 

Experiment  1.  Perfusion  of  a  pithed  toad,  B.  agua,  weighing  200 
grams  with  bufo-epinephrin  in  0.8  per  cent  sodium  chloride  solution 
under  a  pressure  of  30  cm.  The  epinephrin  solution  (1  cc.  =  0.0001 
gram)  was  injected  into  the  perfusion  tube  close  to  the  aortic  cannula. 
Automatic  drop  record. 

Normal  number  of  drops  14  in  30  seconds 

30  seconds  after  injection  4  in  30  seconds 

1  minute  after  injection  3  in  30  seconds 

2  minutes  after  injection  3  in  30  seconds 

3  minutes  after  injection  3  in  30  seconds 

4  minutes  after  injection  4  in  30  seconds 

5  minutes  after  injection  5  in  30  seconds 
9  minutes  after  injection  8  in   30  seconds 
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11  minutes  after  injection  9  in  30  Seconds 

13  minutes  after  injection  10  in  30  seconds 

15  minutes  after  injection  10  in  30  seconds 

17  minutes  after  injection  11  in  30  seconds 

19  minutes  after  injection  14  in  30  seconds 

So,  also,  dilatation  of  the  pupil  is  as  easily  produced  in  the  excised 
eye  of  the  toad  as  in  that  of  the  frog. 

It  is  seen,  therefore,  that  the  results  obtained  by  chemical  analysis, 
by  the  use  of  the  polarimeter,  by  quantitative  and  qualitative  physio- 
logic experiments  have  demonstrated  conclusively  that  the  substance 
isolated  by  us  from  the  poison  glands  of  Bufo  agua  is  identical 
with  the  dihydroxy-methyl-amino-ethylol-benzene,  C6H3(OH)2CHOH 
CH2NHCH3,  produced  by  the  suprarenal  glands  of  the  higher  ani- 
mals. 

Percentage  amount  of  epinephrin  contained  in  the  venom 

It  is  of  interest  to  learn  how  large  an  amount  of  epinephrin 
may  be  isolated  from  a  certain  weight  of  the  crude  venom.  Thus, 
from  5.42  grams  of  venom,  weighed  one  hour  after  it  was  squeezed 
out  of  the  glands,  we  obtained  0.243  gram  of  crystalline  epinephrin, 
a  yield  of  4.48  per  cent.  On  the  assumption  that  we  obtain  by 
this  method  only  about  two-thirds  of  the  epinephrin  actually 
present  in  the  crude  venom  the  true  content  of  epinephrin  would 
be  nearly  7  per  cent  (6.72  per  cent).  Judging  from  other  experi- 
ments in  which  the  yield  was  somewhat  smaller,  we  conclude  that 
the  secretion  probably  varies  in  its  percentage  of  epinephrin  with 
the  season  of  the  year  and  other  circumstances.  But  as  the 
method  of  isolation  is  not,  strictly  speaking,  a  quantitative  one, 
exact  statements  as  to  the  variability  of  the  epinephrin  content 
cannot  be  made. 

If  we  assume  that  the  venom  as  secreted  by  the  animal  contains 
from  20  to  30  per  cent  of  water  there  would  still  be  present,  in 
accordance  with  the  above  analysis,  about  5  per  cent  of  epinephrin. 
In  comparison  with  this  we  would  recall  that  one^^  of  us  estimated 

29 Abel:  Am.  Jour.  Physiol.,  1903,  Ixxv,  301.  See  also  Reid  Hunt:  The  Compar- 
ative Physiologic  Activity  of  Some  Commercial  Suprarenal  Preparations.  The 
Journal  A.  M.  A.,  Sept.  8,  1906,  p.  790.  • 
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that  the  amount  fouhd  in  the  suprarenal  glands  of  beeves  is  0.3 
per  cent. 

The  chromaphil  reaction  of  the  poison  glands 

The  presence  of  this  powerful  reducing  agent  in  the  poison 
glands  of  B.  agua,  makes  it  almost  certain  on  chemical  grounds 
alone,  that  their  cells  will  give  the  histologic  reactions  of  the  so- 
called  chromaphil  tissue.  As  is  well  known,  this  tissue  consists 
of  cell  groups  which  assume  a  brown  color  when  treated  with 
chromic  acid  or  dichromates  in  consequence  of  the  reduction  of 
these  compounds  to  brown  or  reddish  brown  basic  chromates. 
Such  cell  groups  have  hitherto  been  found  only  in  the  medulla 
of  the  suprarenal  glands,  in  tissue  of  similar  character  lying  along- 
side the  abdominal  aorta,  in  the  carotid  gland  and  in  the  sympa- 
thetic system. 

Mr.  E.  B.  Wood  has  undertaken  the  histologic  study  of  the 
poison  glands  of  B.  agua,  B.  lentiginosus,  and  other  toads  with 
especial  reference  to  their  chromaphil  reactions.  His  results 
will  be  published  later  but  it  may  here  be  stated  that  the  poison 
glands  of  B.  agua  (the  only  toad  whose  glands  have  been  examined 
thus  far)  give  the  chK)maphil  reactions  with  great  intensity. 
Chemical  experiments  are  also  in  progress  in  this  laboratory  for 
the  purpose  of  learning  whether  dihydroxy-methyl-amino-ethylol- 
benzene  is  produced  in  the  skin  glands  of  other  toads  and  perhaps 
also  in  the  skin  of  other  amphibia. 

III.        ON    BUFAGIN,    A    CRYSTALLINE    COMPOUND    AND    METHODS 
FOR  ITS  ISOLATION  AND   PURIFICATION 

It  has  already  been  intimated  that  the  venom  of  B.  agua  owes 
its  efficacy  as  an  arrow  poison  in  a  large  degree  to  the  presence  of 
a  substance  whose  pharmacological  action  is  similar  to  that  of 
digitalis,  although  the  large  amount  of  epinephrin  present  is  an 
important  auxihary  in  this  action.  And  it  is  to  the  former  con- 
stituent or  to  substances  closely  allied  to  it,  such  as  have  been 
described  by  Faust,3°  Phisalix  and  Bertrand"  that  toadskins  owe 

30  Arch.  f.  exp.  Pathol,  u.  PharifiakoL,  xlvii,  278,  1902;  xlix,  1,  1903. 

31  Compt.  rend,  de  I'Acad.  des  Sciences,  Paris,  135,  47,  1902. 
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their  efficacy  as  a  cure  for  dropsy,  a  method  of  treatment  which 
would  perhaps  still  be  in  vogue  had  not  WilUam  Withering,  in 
1775,  introduced  for  this  very  purpose  the  foxglove,  the  active 
constituent  of  an  old  wives'  remedy.  Now  that  science  has  be- 
gun to  study  the  ancient  remedy,  toadskin,  we  may  confidently 
expect  further  discoveries  in  this  field,  with  results  of  undoubted 
value  for  practical  medicine. 

We  have  isolated  the  substance  here  referred  to  and  having 
obtained  it  in  crystalline  form  and  given  proof  of  its  chemical 
purity  and  individuahty,  have  named  it  bufagin  in  order  to  use 
a  term  sufficiently  indicative  of  its  origin. 

It  is  not  difficult  to  isolate  bufagin.  It  is  extracted  from  a 
solution  of  the  crude  venom  in  water'^  by  shaking  with  a  mixture 
of  ether  and  chloroform  as  already  stated  and  the  solvents  are 
removed  by  distillation  until  only  a  small  bulk  of  fluid  remains. 
This  is  then  poured  drop  by  drop  with  constant  stirring  into  a 
large  volume  of  petroleum  ether  which  precipitates  the  bufagin 
as  a  white  resin  while  holding  the  small  amount  of  fatty  substances 
in  solution.  The  resinous  precipitate  is  taken  up  in  chloroform 
and  again  precipitated  with  much  petroleum  ether,  whereon  it 
may  be  crystallized  from  absolute  alcohol.  As  bufagin  is  fairly 
soluble  in  this  reagent  crystalUzation  can  only  be  effected  from 
hot  concentrated  solutions. 

From  this  point  on  further  purification  is  effected  by  recrystallization 
from  alcohol  and  by  repeated  crj'stallization  from  hot  water  as  will 
presently  be  described  in  detail. 

It  may  here  be  remarked  that  ia  our  earfier  work  we  boiled  the  resinous 
precipitate  (which  is  obtained  by  the  use  of  petroleum  ether  as  above 
described)  for  several  hours  with  2  per  cent  ammonia,  in  a  flask  attached 
to  reflux  condenser.  The  object  of  this  treatment  was  of  course  the 
removal  of  acids  or  resinous  substances  of  acid  character  (such  as  Faust's 
bufotalin)  that  might  have  been  carried  down  in  the  petroleum  ether 
precipitate.     After  pouring  off  the   anunoniacal  solution  the   brittle 

**  By  the  use  of  hot  water  the  solution  of  the  crude  venom  may  be  greatly  facili- 
tated. In  this  case  the  aromatic  odor  which  always  accompanies  solution  is 
greatly  intensified.  We  have  not  yet  succeeded  in  identifying  the  odoriferous 
body. 
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resin  was  dissolved  in  a  very  small  quantity  of  chloroform,  absolute 
alcohol  containing  hydrochloric  acid  was  then  added  until  the  mixture 
contained  1  or  2  per  cent  of  the  acid  when  it  was  poured  into  a  large 
quantity  of  water.  In  a  short  time  the  bufagin  had  settled  to  the 
bottom  and  sides  of  the  beaker  as  a  resinous  precipitate  which  later 
changed  into  masses  of  crystals.  This  treatment  was  necessary  in  order 
to  remove  the  last  traces  of  ammonia  from  the  resin.  After  this  treat- 
ment the  substance  was  repeatedly  crystallized  from  alcohol  and  water. 
As  it  was  found  on  analysis  that  nothing  was  gained  by  boiling  either 
the  petroleum-ether  precipitate  or  the  first  crystals  from  alcohol  with 
dilute  solutions  of  ammonia  as  above  described,  these  steps  were  later 
omitted. 

The  method  of  isolating  bufagin  above  described  in  which  the 
crude  venom  was  dissolved  in  water  and  then  shaken  with  organic 
solvents  was  useful  as  long  as  it  was  desired  to  recover  the  epineph- 
rin  contained  in  this  portion.  When  it  is  not  desired  to  isolate 
the  epinephrin  one  may  proceed  as  follows :  The  venom  is  squeezed 
from  the  glands  as  described,  allowed  to  dry  in  the  air,  ground  to 
a  fine  powder  in  a  closed  mill  and  is  then  extracted  with  absolute 
alcohol  until  this  solvent  no  longer  takes  up  an  appreciable 
amount  of  the  material.  The  alcoholic  extract  is  then  freed  of 
alcohol  and  water  by  distillation  under  diminished  pressure,  the 
residue  is  repeatedly  extracted  with  chloroform,  the  chloroform 
extracts  are  reduced  in  bulk  by  evaporation  and  then  poured 
drop  by  drop  into  a  larger  volume  of  petroleum  ether.  The  resin- 
ous precipitate  which  now  falls  out  is  again  taken  up  in  a  small 
quantity  of  chloroform  and  this  is  again  poured  into  an  excess  of 
petroleum  ether.  The  nearly  white  resinous  precipitate  now 
obtained  often  turns  into  a  crystalline  mass  in  the  course  of  a  few 
days  if  allowed  to  stand  under  the  precipitating  fluid.  The  sub- 
stance is  then  crystallized  twice  out  of  hot  alcohol,  for  which  con- 
centrated solutions  are  required.  At  this  stage  the  compound  has 
already  attained  a  high  degree  of  purity.  For  analytical  and 
therapeutic  purposes  we  have,  however,  proceeded  further.  The 
substance  is  again  dissolved  in  absolute  alcohol  (1  gram  to  80 
or  100  cc.  alcohol)  and  this  solution  is  poured  drop  by  drop  into  a 
htre  of  water  kept  close  to  the  boiling  point  and  well  stirred. 
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The  clear  aqueous  solution  is  set  aside  to  crystallize.  Very  soon 
glittering  clusters  of  whetstone  shaped  or  acicular  crystals  and 
prisms  begin  to  appear  on  the  sides  and  bottom  of  the  containing 
vessel.  A  second  crop  of  crystals  may  be  obtained  by  concen- 
trating the  filtrate  from  the  first  crop.  As  thus  obtained  bufagin 
may  be  further  purified  by  a  repetition  of  the  above  process,  or  it 
may  again  be  crystalhzed  from  alcohol  and  then  again  from  water. 
It  will  thus  be  seen  that  it  is  not  difficult  to  isolate  bufagin  or  to 
obtain  it  in  any  desired  degree  of  purity. 

IV.       CHEMICAL    PROPERTIES    OF    BUFAGIN 

As  thus  isolated,  bufagin  is  found  to  contain  no  nitrogen  and 
to  consist  only  of  the  elements,  carbon,  hydrogen  and  oxygen. 
Its  melting  point*^  is  217-218°  C.  Although  bufagin  contains 
neither  water  nor  alcohol  of  crystallization  its  crystals  lose  their 
lustre  after  long  standing  becoming  entirely  opaque  in  con- 
sequence of  a  molecular  rearrangement.  The  substance  is  easily 
soluble  in  chloroform  and  acetone,  fairly  soluble  in  absolute  alco- 
hol, but  only  very  httle  soluble  in  petroleum  ether,  carbon  disul- 
phide  or  carbon  tetrachlorid  and  also  but  little  soluble  in  cold 
benzene.  In  glacial  acetic  acid  or  in  acetic  anhydride  it  dissolves 
with  great  ease.  It  is  a  ''neutral"  compound  insoluble  in  aqueous 
solutions  of  alkaUs  or  acids.  It  may  be  sharply  differentiated 
from  cholesterin  by  the  use  of  the  following  color  reactions : 

Color  reactions 

1.  Dissolve  a  small  quantity  of  dry  bufagin  in  a  test  tube  in 
chlofororm  and  stratify  under  this  solution  an  equal  volume  of 
concentrated  sulphuric  acid^  At  the  fine  of  contact  between  the 
two  fluids  a  deep  red  color  will  soon  develop,  but  only  in  the 
sulphuric  acid  and  when  the  two  fluids  are  well  mixed  by  shak- 
ing and  again  allowed  to  separate  it  will  be  found  that  the 
sulphuric  acid  has  taken  up  all  of  the  color  and  is  highly  fluorescent 
while  the  chloroform  remains  entirely  colorless.     Cholesterin  (Sal- 

**  By  an  error  the  melting  point  was  given  as  188°  in  our  preliminary  paper. 
Jour.  Med.  Assoc,  vol.  Ivi,  1531,  1911. 
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kowski's  Reaction)  as  is  well  known  will  cause  the  chloroform  to  take 
on  a  fine  red  or  pink  color  while  the  sulphuric  acid  behaves  as  in 
the  reaction  just  described.  A  simple  way  of  showing  the  differ- 
ence between  the  two  substances  is  to  dissolve  equal  quantities 
in  separate  test  tubes  in  equal  volumes  of  chloroform,  add  one 
drop  of  concentrated  sulphuric  acid  to  each  tube  and  shake  well. 
The  tube  containing  the  bufagin  remains  colorless  while  that  con- 
taining the  cholesterin  at  once  takes  on  a  carmine  red  color. 

2.  Dissolve  a  small  quantity  of  bufagin  in  a  test  tube  in  fluid 
trichloracetic  acid  and  heat  on  the  water  bath  for  a  few  seconds. 
A  beautiful  green  color  at  once  develops.  Under  the  same  con- 
ditions (Hirschsohn's  Reaction^^)  cholesterin  gives  first  a  fine 
pink,  then  red,  then  a  plum  color.  Both  solutions  develop  fluor- 
escence on  standing  for  a  short  time.  If  the  trichloracetic  has 
been  freshly  prepared  so  that  but  little  hydrochloric  acid  has  been 
evolved,  it  may  be  well  to  add  a  trace  of  this  acid  as  otherwise  the 
reaction  will  not  develop  so  promptly  as  above  described. 

3.  Dissolve  a  small  quantity  of  bufagin  in  a  test  tube  in  1  or 
2  cc.  of  acetic  anhydride,  then  add  one  drop  of  concentrated 
sulphuric  acid  and  shake  when  a  pure  green  color  developes  im- 
mediately. Cholesterin  in  the  same  quantity  treated  in  the  same 
manner  gives  immediately  first  a  pink  or  red  color,  then  a  blue 
or  purple  and  only  much  later  a  green  color.  (Liebermann- 
Burchard  Reaction^^).  A  cholesterin  derivative,  dihydro-chol- 
esterin  (|8-cholestanol,  Diels)  prepared  by  us  according  to  the 
method  of  Willstaetter  and  Mayer*^  gives  the  above  reaction  in 
the  same  manner  as  bufagin. 

4.  Dissolve  a  small  quantity  of  bufagin  in  a  test  tube  in  ^ 
cc.  of  glacial  acetic  acid  add  |  or  1  cc.  of  acetyl  chloride  and  a 
few  granules  of  fused  zinc  chloride  and  warm  very  gently  for 
a  moment  over  a  small  flame.  In  a  few  seconds  color  tints  appear 
which  pass  rapidly  into  a  fine  violet  which  soon  gives  place  to  a 
rich    plum  color.     This  again  passes  into  the  end  stage  of  the 

^*  Pharm.  Centralhalle,  xliii,  357,  cited  from  W.  Glikin  in  Handb.  der  Biochemie 
i,,p.  133,  1909. 
^*  Ber  d.  deutsch.  chem.  Gesellsch.,  xviii,  1804. 1885. 
»«  Ibid.,  xli,  2199,  1908. 


CRYSTALLINE    PRINCIPLES    FROM   BUFO   AGUA  339 

reaction — a  deep  green  with  brownish  fluorescence,  though  it  may 
be  necessary  to  apply  a  little  more  heat  or  to  add  a  very  little 
glacial  acetic  acid  according  to  circumstances,  in  order  to  develop 
this  end  stage  of  the  reaction.  With  cholesterin  (Tschugaeff's 
Reaction'^)  in  place  of  bufagin  a  fine  cherry  red  with  an  eosin- 
like  fluorescence  is  obtained.  The  presence  of  water  in  the  re- 
agents used  in  this  reaction  is  detrimental  to  the  success  of  the 
reaction  but  much  less  so  with  bufagin  than  with  cholesterin.  The 
reaction  is  one  of  the  most  sensitive  of  the  color  reactions  described 
and  differentiates  bufagin  sharply  from  cholesterin. 

5.  As  might  be  expected,  the  reaction  of  Deniges^^  which  is 
a  combination  of  the  reactions  of  Salkowski  and  Liebermann  gives 
a  negative  result  with  bufagin.  As  described  under  1,  so  here  too 
with  bufagin  the  chloroform  layer  remains  entirely  colorless,  while 
with  cholesterin  it  assumes  a  brilliant-red  color. 

Other  reactions  were  not  tried,  but  the  above  suffice  to  show 
how  differently  bufagin  behaves  from  cholesterin  when  treated  as 
described. 

Bufagin  differs  from  cholesterin  not  only  in  its  response  to 
color  reactions,  as  shown  above,  but  also  in  its  influence  on 
the  plane  of  polarized  Ught,  being  dextrorotatory  while  cholesterin 
is  laevorotatory. 

A  specimen  of  Product  III,  the  analytic  data  for  which  are  given 
below,  weighing  0.160  gram,  dissolved  in  8  cc.  of  chloroform  gave 
a  polarimetric  reading  of  +  0.44°  in  a  2  decimeter  tube  with  sodi- 
um light  from  which  it  is  seen  that  the  specific  rotatory  power  of 

24° 

the  compound  is   Ul       =  +  n" 

Analyses 

Combustion  analyses  show  that  the  elementary  composition 
of  bufagin  can  only  be  expressed  in  the  formula,  C9H12O2,  or  in 
terms  of  a  multiple  of  this  formula,  such  as  C18H24O4.  The  fol- 
lowing tables  give  some  of  our  analytical  results,  with  specimens 
dried  over  sulphuric  acid  and  not  heated. 

"  Zt.  f.  angew.  Chem.,  Nr.  25,  1900.     Cited  from  Hdb.  d.  Bioch.  I.  133. 
"  See,  W.  Glikin  in  Oppenheimer's  Hdb.  d.  Biochemie,  i,  p.  133. 
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I  11 

Obtained  directly  from  venom,  but  Product  obtained  by  crystallization 

crystallized    from    dilute    solution    in  from  alcohol  after  a  preliminary  process 

petrol  ether  +  chloroform  without  any  of  purification, 

other  process  of  purification.  C  =  70.98 

C  -  70.84  H  =    8.55 

H  =    8.67 

III  IV 

Product  same  as  in  II,  only  was  fur-  Theoretical    requirements    for    the 

ther  purified  by  crystallization  from  formula,   C9Hi202  or  for  C18H24O4    = 

water.  (C9Hi202)2 

C  =  71.07     I    70.92  C  =  71.01 

H  =    8.28    I      8.25  H  =    7.95 

It  will  be  seen  that  our  analytical  results,  especially  those 
obtained  with  the  pure  Product  III  are  in  perfect  agreement 
with  the  elementary  formula,  C9H12O2  or  with  some  multiple  of  it 
as  C18H24O4.  This  Product  III  was  twice  crystallized  from  abso- 
lute alcohol  and  twice  from  hot  water  in  addition  to  having  under- 
gone the  preliminary  precipitations  with  petroleum  ether  for  the 
removal  of  fats  and  cholesterin  and  also  the  rather  needless  treat- 
ment with  ammonia  previously  described. 

I.  0.0891  gram  substance  taken  gave  0.2311  gram  CO2  and  0.0695  gram  H2O,  or 
70.74  per  cent  C.  and  8.67  per  cent  H. 
II.  0.1021  gram  substance  taken  gave  0.2668  gram  CO2  and  0.0790  gram  H2O,  or 

70.98  per  cent  C  and  8.55  per  cent  H. 
III.  0.1812  gram  substance  taken  gave  0.4722  gram  CO2  and  0.1351  gram  H2O,  or 
71.07  per  cent  C  and  8.28  per  cent  H. 

0.1694  gram  substance  gave  0.4405  gram  CO2  and  0.1257  gram  H2O,  or  70.92 
per  cent  C  and  8.25  per  cent  H. 

The  material  used  in  the  above  analyses  was  dried  at  room  tempera- 
ture in  vacuo  over  sulphuric  acid.  It  appears  not  to  contain  either  water 
of  crystallization  or  alcohol  of  crystallization  and  can  not  be  dried  at 
high  temperatures  without  undergoing  change.  When  the  compound 
which  has  been  dried  to  constancy  of  weight  myacwo  at  room  temperature 
is  heated  for  one  hour  at  a  temperature  varying  from  100-115°  C.  in  a 
current  of  dry  hydrogen  it  will  lose  4.24  to  4,32  per  cent  of  its  weight^^ 

"  The  material  used  in  these  experiments  had  been  crystallized  from  alcohol 
only  and  had  a  slightly  larger  content  of  hydrogen  than  is  demanded  by  the 
formula  C18H24O4.  It  is  possible  that  material  crystallized  from  water  would 
not  show  this  loss. 
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in  this  time.  In  one  experiment  of  this  kind  an  attempt  was  made  to 
collect  the  products  given  off  to  the  current  of  hydrogen.  The  drying 
temperature  was  maintained  at  96-99°  C.  for  an  hour  except  for  a  few 
moments  when  it  reached  107°.  The  products  given  off  were  passed 
through  a  mixture  of  solid  CO2  and  ether  whose  temperature  was  about 
-80°  C.  0.1388  gram  substance  lost  0.006  gram  in  the  hour,  or  4.32 
per  cent,  but  of  this  amount  only  0.0016  gram  (1.15  per  cent)  was  retained 
by  the  cooling  mixture.  In  other  experiments  carbon  dioxide  was  identi- 
fied as  one  of  the  products  given  off.  It  is  apparent  therefore  that 
bufagin  undergoes  a  slight  decomposition  when  heated  to  100°  C.  or 
higher  in  a  current  of  hydrogen. 

Behavior  of  Bufagin  toward  Bromine 

The  behavior  of  bufagin  toward  bromine  is  different  from  that 
shown  by  cholesterin,  which  compound,  by  virtue  of  its  unsatis- 
fied affinities,  readily  absorbs  bromine,  forming  with  it  a  colorless 
crystalline  di-bromide.  If  50  mgs.  of  bufagin  be  dissolved  in  1 
or  2  cc.  of  chloroform  or  carbon  disulphide  and  a  solution  of 
bromine  in  one  of  these  solvents  added,  not  the  least  diminution 
in  the  intensity  of  the  color  is  to  be  noted.  .Aiter  standing  for 
an  hour,  especially  if  an  excess  of  bromine  is  present,  a  part  of  the 
bufagin  may  fall  otit  in  the  form  of  a  dark  brown  resin.  This 
resin,  which  holds  bromine  in  combination,  is  apparently  a  sub- 
stitution product,  but  we  have  not  yet  been  able  to  obtain  it  in 
crystalline  form.  That  hydrobromic  acid  is  produced  in  the 
reaction  above  described  is  easily  demonstrated,  and  we  may 
therefore  conclude  that  bufagin  does  not  contain  an  unsaturated 
carbon  linkage  and  that  bromine  acts  upon  it  only  to  form  a 
brown  substitution  product  of  resinous  character. 

Behavior  toward  Platinum-black  and  Hydrogen*'^ 

Eleven  one-hundredths  gram  of  bufagin  was  dissolved  in  much 
ether,  about  2  grams  of  freshly  prepared  platinum-black  were 
added  and  a  slow  current  of  hydrogen  was  passed  through  the 
ethereal  solution  for  forty-eight  hours.     The  resulting  product 

*»  See  Willstaeter  u.  Mayer,  Bar.  d.  deutsch.  chem.  Gesellsch.,  xli,  2199,  1908. 
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was  a  white  resin  which  differed  markedly  from  bufagin  in  that 
it  could  no  longer  be  crystallized  from  hot  water;  it  now  behaved 
more  like  cholesterin  than  bufagin,  appearing  in  water  as  a  col- 
loidal suspension.  Its  behavior  toward  such  of  the  color  reactions 
as  were  tried  was  also  different  from  that  of  bufagin.  Thus, 
Hirschsohn's  reagent  and  also  acetic  anhydride  and  concentrated 
sulphuric  acid  now  gave  the  same  play  of  colors  as  appear  when 
cholesterin  is  treated  with  these  reagents.  We  think  it  very 
likely  that  oxygen  was  removed  in  the  course  of  the  long  reduc- 
tion and  that  a  substance  was  thus  formed  whose  properties  are 
more  like  those  of  cholesterin  than  of  bufagin.  This  reduced 
bufagin  was  also  found  to  be  non-toxic,  0.012  gm.  given  subcu- 
taneously  having  no  observable  effect  on  a  dog  weighing  4  kg. 

Reaction  with  Phosphorus-pentachloride 

Bufagin  reacts  as  easily  with  phosphorus-pentachloride  as  does 
cholesterin  and  yields  what  is  apparently  a  crystalline  product 
corresponding  to  cholesteryl-chloride  and  which  may  be  called 
bufagyl-chloride.  A  description  and  analyses  of  this  and  other 
derivatives  which  we  hope  to  prepare  must  be  reserved  for  a  future 
paper. 

Determination  of  the  molecular  weight 

Since  the  publication  of  our  preliminary  paper  molecular  weight 
determinations  of  bufagin  have  been  very  kindly  made  for  us  by 
Professor  Harry  Jones  of  this  University  and  by  Dr.  George  Barger 
of  the  Wellcome  Research  Laboratories.  Professor  Jones'  deter- 
mination was  made  by  the  boiling  point  method  with  chloroform 
as  the  solvent  and  the  data  and  results  obtained  are  as  follows: 
1.5368  grams  of  bufagin  crystallized  from  water  (melting  point, 
218°  C.)  raised  the  boiling  point  of  90.338  grams  of  chloroform 
0.212°  C,  from  which  the  molecular  weight  is  calculated  to  be  294. 
The  molecular  weight  called  for  by  the  formula  C18H24O4,  which, 
as  has  been  shown,  expresses  the  results  of  our  elementary  anal- 
yses, is  304. 

Dr.  Barger's  determinations  were  made  by  his  microscopical 
method. ^1    A   determination   in   chloroform   gave   a   molecular 

"  Trans.  Chem.  Soc,  Ixxxviii,  286,  1904. 
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weight  of  382.  Inasmuch  as  substances  which  contain  one  or 
more  hydroxyl  groups  are  associated  in  this  solvent,  especially 
when  it  is  used  at  room  temperature  this  high  figure  is  explain- 
able. With  pyridine  in  which  solvent  association  never  occurs, 
according  to  Barger,  the  determination  gave  a  molecular  weight 
of  288.  The  data  for  this  determination  are  as  follows:  0.0120 
grams  bufagin  was  dissolved  in  0.49  gram  pyridine,  equivalent 
to  a  molar  concentration  of  0.08  to  0.09.  The  determination 
gave  the  molecular  weight  288,  a  result  which  stands  in  good 
agreement  with  the  theoretical  requirement  304. 

We  have  here  the  determinations  of  two  independent  observers, 
made  by  different  methods  and  with  different  solvents,  which  are 
in  close  agreement  with  each  other  and  from  which  we  may  con- 
clude that  the  formula  of  bufagin  is  C18H24O4. 

Possible  relationship  to  Cholesterin 

One  is  tempted  to  assume  that  bufagin  is  intimately  related  to 
cholesterin  when  one  recalls  the  behavior  of  the  substance  toward 
the  cholesterin  color  reactions  as  already  described.  It  must  be 
borne  in  mind,  however,  that  a  number  of  resin  acids,  terpenes, 
and  unsaturated  alcohols  of  high  molecular  weight  give  very  simi- 
lar color  reactions,  and  in  this  connection  it  may  be  stated  that 
cholesterin  is  declared  by  Windaus  (Arch,  der  Pharmacie,  ccxlvi, 
147,  1908)  to  be  without  doubt  itself  a  complex  terpene.  No 
known  derivative  of  cholesterin  has  the  formula  of  bufagin, 
C1SH24O4,  and  none  of  the  numerous  oxidation  products  of  choles- 
terin which  have  been  studied  exhibit  the  pharmacological  prop- 
erties of  bufagin.  For  the  present,  therefore,  no  definite  state- 
ments can  be  made  in  regard  to  the  relationship  of  bufagin  and 
cholesterin. 

Faust^2  an(j  yg  pupil  Flury^^  have  shown  that  a  number  of 
acidulous  oxidation-products  of  cholesterin,  C27H44O4,  C27H40O5, 
and  C27H40O8  which  were  prepared  by  Windaus  are  pharmaco- 
logically active  substances,  but  the  behavior  of  these  acids  is  such 

"  See  works  of  Faust  already  cited  and  monograph,  "Ueber  das  Crotalotoxin," 
etc.,  Leipzig,  1911. 

«  Arch.  f.  Exp.  Pathol,  u.  Pharmakol.,  Ixvi,  221,  1911. 
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that  they  must  be  classed  with  the  biliary  acids  and  the  sapo- 
nines,  rather  than  with  bufagin. 

Lifschiitz"^  maintains  that  the  blood  and  certain  other  organs 
of  higher  animals  cpntain  oxycholesterins,  substances  which  repre- 
sent the  first  stages  in  the  physiological  oxidation  of  cholesterin. 
The  liver  contains  only  mere  traces  of  these  oxycholesterins  and 
this  author  assumes  that  they  are  changed  into  bile  acids  in  this 
organ.  The  evidence  for  the  existence  of  these  oxycholesterins 
of  Lifschiitz  in  the  animal  economy  rests  entirely  on  spectro- 
scopic observations  made  upon  certain  extracts  treated  with 
glacial  acetic  and  concentrated  sulphuric  acids.  We  may  well 
grant  the  existence  of  oxycholesterins  in  the  animal  organism 
but  it  should  be  noted  that  they  have  not  yet  been  isolated  as  chemical 
individuals  of  even  approximate  purity ^'^^  and  that  we  are  entirely 
ignorant  in  regard  to  their  physiological  significance. 

A  brief  consideration  of  the  earlier  chemical  investigations  on 

toad  venom 

As  far  as  we  have  been  able  to  learn,  ours  is  the  first  chemical 
study  to  be  made  of  the  venom  of  Bufo  agua;  during  the  last 
fifty  years,  however,  repeated  attempts  have  been  made  to  isolate 
the  active  principle  or  principles  of  the  skin  secretion  of  Bufo 
vulgaris  and  Bufo  viridis,  species  widely  distributed  in  Europe. 
Some  account  of  these  earlier  investigations  will  be  found  in  the 
comprehensive  monograph  on  Animal  Poisons  of  E.  S.  Faust. 
This  author,  Phisalix  and  Bertrand*^  are  the  only  investigators 
known  to  us  who  have  made  chemical  studies  in  the  past  decade 
of  the  venom  of  Bufo  vulgaris,  as  obtained  either  from  the  whole 
skin  (Faust)  or  from  the  secretion  of  the  parotid  glands  (PhisaUx 
and  Bertrand). 

According  to  Faust^^  the  chief  poison  of  the  common  toad  is  an 
amorphous,  resinous  substance — of  acidulous  character,  readily 
soluble  in  aqueous  solutions  of  the  alkalies,  and  endorsed  with  the 

"  Zeitschr.  f.  physiol.  Chem.,  Iviii,  175,  1908;  Ixiii,  222,  1909.     Ber.  d.  deutsch, 
chem.  Gesellsch.,  xliv,  252,  1908. 
^  See  criticism  by  A.  Windaus,  Arch,  der  Pharmacie,  ccxlvi,  148,  1908. 
"  Compt.  rend  de  I'Acad.  des  Sc,  Paris,  cxxxv,  46,  1902. 
*^  Archiv.  f.  Exp.  Pathol,  u.  Pharmakol,  xlvii,  278,  1902;  and  xlix  1,  1903. 
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pharmacological  activity  of  the  digitalis  group.  This  resin  was 
named  by  Faust  bufotalin  and  to  it  he  ascribes  the  molecular 
formula  C34H4«Oio. 

He  describes  a  second  substance,  pharmacologically  similar  to 
bufotalin  but  weaker  in  its  action,  as  crystalline  and  having  the 
formula  C34HS4O2.  He  names  this  second  substance  bufonin 
and  suggests  that  it  is  the  mother  substance  of  bufotalin  which  is 
derived  from  it  in  the  body  of  the  toad  by  oxidative  processes. 
Both  substances  are  thought  by  him  to  be  derivatives  of  choles- 
terin. 

Phisalix  and  Bertrand,  who  used  the  expressed  contents  of  the 
parotid  glands,  declare  that  the  venom  contains  but  one  poison  of 
the  digitalis  type,  not  two  as  maintained  by  Faust,  and  they  find 
that  it  is  a  noncrystalUne  resin  of  neutral  properties,  not  acidulous 
as  is  bufotaUn.  They  accepted  Faust's  name  bufotalin  for  their 
neutral  resin,  contending,  however,  that  Faust's  form  of  it  was 
contaminated  with  substances  of  acid  character  derived  from  the 
skin  of  the  toad.     To  their  bufotalin  they  ascribed  the  formula 

Cii9Hii702S. 

As  to  Faust's  second  substance  bufonin,  Bertrand^  maintains 
that  it  is  ordinary  cholesterin  shghtly  contaminated  with  the 
neutral  bufotaUn  of  Phisalix  and  Bertrand,  a  contamination  suf- 
ficient to  give  it  a  shght  degree  of  digitahs-like  action.  These 
authors  also  assume  on  physiological  grounds  the  presence  of  a 
second  poison  which  they  define  as  a  paralysant  of  the  central 
nervous  system.  They  did  not  isolate  this  assumed  poison  but 
named  it  bufotenine.  Faust  on  repeating  their  work  was  unable 
to  obtain  a  substance  of  this  character. 

It  will  therefore  be  seen  that  the  true  nature  of  the  digitalis- 
like principle  of  the  common-toad  of  Europe  is  a  matter  of  con- 
troversy. According  to  Faust  11  is  a  resin  of  acidulous  properties 
according  to  Phisalbc  and  Bertrand  a  neutral  resin. 

In  view  of  our  isolation  of  the  crystalUne  compound  bufagin 
and  the  possible  relationships  suggested  by  the  work  of  the 
authors  above  cited,  a  reexamination  of  the  venom  of  Bufo 
vulgaris  and  Bufo  viridis  would  be  highly  desirable. 

*•  Compt.  rend,  de  I'Acad.  des  Sc.,  cxxxv,  49, 102. 
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V.      PHARMACOLOGICAL  ACTION  OF  BUFAGIN 

It  is  not  our  purpose  to  give  a  complete  account  of  the  numer- 
ous pharmacological  studies  that  have  been  made  up  to  the  pres- 
ent time  with  the  venom  of  the  common  toad  of  Europe  or  with 
crude  extracts  and  active  principles  of  doubtful  purity  derived 
from  it .  In  several  particulars  the  pharmacological  investigations 
of  the  earlier  writers  have  not  been  improved  upon  to  this  day, 
as  may  be  seen  for  example,  by  reading  Fornara's  (1877)  account 
of  the  action  of  the  venom  upon  the  exposed  heart  in  various 
species  of  animals.  A  more  complete  analysis  of  the  pharmaco- 
logical action  of  the  venom  is  given  only  by  investigators  of  recent 
date. 

The  pharmacological  studies  of  E.  S.  Faust^^  were  made  with 
his  bufotalin  and  bufonin  and  are  concerned  chiefly  with  the  action 
of  these  substances  upon  the  circulatory  apparatus.  It  was 
shown  that  these  principles  act  like  bodies  of  the  digitalis  series 
and  in  this  respect  they  reproduce  the  action  of  the  crude  venom 
and  agree  with  the  action  of  the  principle  obtained  by  us  from 
the  tropical  toad,  Bufo  agua. 

From  the  pharmacological  point  of  view  the  investigations  of 
the  Russian  pharmacologist  N.  P.  Kravkov^"  are  also  of  impor- 
tance. 

This  investigator  made  use  of  an  alcoholic  extract  of  the  ex- 
pressed contents  of  the  parotoid  glands  of  Bufo  Viridis  and  Bufo 
Vulgaris  and  his  material,  therefore,  would  be  much  like  the  crude 
resin  (bufotaline)  of  Phisalix  and  Bertrand,  and  therefore  can 
not  claim  to  represent  a  single  chemical  individual.  This  work 
is  nevertheless  interesting  and  important,  and  we  find  that  as  far 
as  it  goes  it  stands  in  close  agreement  with  the  pharmacological 
effects  noted  by  us  in  the  use  of  pure  bufagin.  Thus,  the  fatal 
dose  of  his  poison  for  a  dog,  0.7  mg.  per  kilo  of  body  weight 
is  practically  the  same  as  that  of  our  drug ;  and  his  experiments  on 
the  action  of  the  venom  on  the  blood  pressure  of  intact  and  de- 
cerebrate dogs,  on  the  isolated  kidney  and  on  diuresis  all  reveal  in 
general  the  same  physiological  action  as  is  observed  with  bufagin. 

*9  Arch.  f.  Exp.  Pathol,  u.  Pharmakol.,   xlvii,  278,  1902. 
"  Russki.  Vrach,  iii,  761,  1904. 
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A.    Action  of  Bufagin  on  cold-blooded  animals. 

a.  Experiments  on  the  frog  and  terrapin.  Doses  of  bufagin 
from  varying  0.1  to  0.3  mg.  injected  into  small  frogs  {R.  clamata) 
varying  in  weight  from  20  to  30  grams,  produce  few  if  any  symp- 
toms. If  a  dose  of  0.5  mg.  is  injected  there  is  at  first  no  effect. 
In  about  an  hour  after  the  injection,  however,  the  frog  seems  to 
have  partially  lost  its  reflexes  and  moves  about  as  if  its  legs  were 
stiff.  This  condition  lasts  an  hour  or  two,  gradually  wearing  off 
in  this  time.  The  minimum  lethal  dose  for  a  frog  is  about  1  mg. 
per  20  grams  of  body  weight  and  the  effect  of  such  a  dose  is  illus- 
trated by  the  following  protocol. 

Experiment  2.     Frog,  Rana  clamata,  20  grams. 

1.40  p.m.  Injected  1  mg.  of  Bufagin  in  2  cc.  alcoholic  .solution  (5  per 
cent  alcohol).  An  equal  amount  of  an  alcoholic  solution  of  the  same 
strength  was  injected  under  the  skin  of  a  control  frog. 

2.00  p.m.     Frog  a  little  stiff  in  its  legs. 

2.15  Frog  partially  paralyzed,  lies  with  its  belly  touching  the  table; 
cannot  jump;  when  placed  on  its  back  turns  over  Avith  great  difficulty. 
Reflexes  have  disappeared. 

2.30  Rests  completely  flat  on  table,  cannot  move  or  turn  over  when 
placed  on  its  back.     Slight  twitching  of  abdomiaal  muscles. 

The  frog  is  now  pithed,  its  brain  and  spinal  cord  destroyed  and  abdo- 
men opened,  the  abdominal  veins  are  seen  engorged  with  blood.  The 
heart  on  beiag  exposed  shows  the  ventricle  to  be  pale,  it  does  not  expand 
much  in  diastole  and  the  auricles  are  much  dilated  and  engorged  with 
blood.     Heart  rate  fourteen  per  minute. 

2.40  Pericardium  opened,  ventricle  pale ;  beats  are  slow  and  powerful, 
twelve  a  minute. 

2.45     Heart  beat  eight  a  minute. 

4.00  Heart  again  assumes  normal  rate,  ventricle  dilates  and  becomes 
well-filled  during  diastole,  heart  is  recovering.  A  control  experiment 
made  with  an  equivalent  quantity  of  alcohol  gave  no  such  effect. 

In  the  above  experiment  we  see  the  characteristic  action  of  the 
drug,  namely,  a  gradual  slowing  of  the  heart  with  an  increase  of 
its  tonicity  and  in  the  force  of  its  beat.  In  the  above  case,  as  far 
as  can  be  judged  by  inspection,  this  increase  in  tonicity  did  not  go 
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as  far  as  a  final  arrest  in  systole,  but  a  slightly  larger  dose  would 
have  produced  that  effect. 

The  same  action  of  the  drug  may  be  observed  on  pithing  the 
frog,  opening  its  pericardium  and  exposing  the  heart,  and  intro- 
ducing at  the  same  time  a  few  drops  of  a  solution  of  bufagin  into 
the  opened  pericardial  sac.  The  action  on  the  excised  frog's 
heart  is  further  illustrated  graphically  by  a  suspension  experiment 
(Fig.  2).  The  tracing  shows  a  marked  increase  in  tonicity, 
gradual  slowing  of  the  beat,  and  final  standstill  with  systolic 
contraction. 

The  effect  of  bufagin  on  the  terrapin's  heart,  as  far  as  studied, 
is  exactly  the  same  as  on  the  frog. 

We  have  also  studied  the  action  of  the  drug  on  the  frog's 
blood-vessels  by  means  of  perfusion  experiments  and  find  that 
it  has  a  decided  action  on  the  plain  muscle  of  the  arteries.  Aerated 
Locke's  solution  under  a  pressure  of  30  cm.  was  used  as  the  per- 
fusing fluid  and  at  a  given  time  a  small  quantity  of  fluid  (2  cc.) 
containing  0.00044  gram  bufagin  was  injected  through  the  rubber 
tube  close  to  the  perfusing  tube.  Before  the  injection  the  num- 
ber of  drops  of  outflow  from  the  cannula  in  the  sinus  venosus  was 
nine  in  twenty  seconds.  Twenty  seconds  after  the  injection  it 
had  fallen  to  six  in  twenty  seconds,  one  minute  later  it  was  four 
drops  and  five  minutes  later  three  drops  in  twenty  seconds.  This 
marked  vaso-constrictor  effect  continued  undiminished  for  ten 
minutes  longer. 

b.  Experiments  on  the  toad,  Bufo  agua.  That  the  common 
toad  of  Europe  is  relatively  in^mune  to  its  own  venom  as  well  as 
to  the  various  members  of  the  digitalis  series  of  cardiac  poisons 
has  been  known  since  the  time  of  Vulpian"  and  has  been  confirmed 
by  more  recent  writers. 

Fiihner,52  although  admitting  the  high  resistance  of  the  common 

*'Vulpian:  Compt.  rend.  Soc.  de  Biol.  2nd  Series  1854,  i,  133;  2nd  Series  1856, 
iii,  125;  Fornara;  Rivista  clinica  di  Bologna,  2nd  Series,  iii,  299,  1873;  Kobert, 
Arch.  f.  Exp.  Path.  u.  Pharmakol,  xxii,  104,  1887;  Honda:  Arch,  internal,  de 
Pharmacodyn.  et  de.  Therapie,  ix,  431.  1901;  Heuser:  ibid.,  x,  483,  1902. 

^''Arch.  f.  exp.  Pathol,  exp.  u.  Pharmakol.  Ixiii,  374,  1910. 
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Fig.  2.  Action  of  bufagin  on  excised  frog's  heart.  Suspension  method.  Aerated 
Locke's  solution,  (at  |  )  replaced  by  Locke's  solution,  25  cc,  containing  about 
0.002  gm.  bufagin.  Upstroke  =  systole,  upper  tracing  =  time  in  seconds,  except 
in  lowermost  part  of  the  figure  in  which  the  time  curve  is  lacking. 
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toad  to  the  subcutaneous  or  stomachic  administration  of  its  own 
venom  (Vulpian),  concludes  from  his  own  experiments  made  with 
an  aqueous  extract  of  the  entire  skin  of  the  toad  that  the  heart  of 
this  animal  is  by  no  means  immune  to  the  venom.  The  extract 
used  by  Fiihner,  as  is  especially  pointed  out  by  him  very  quickly 
induced  standstill  and  systolic  contracture  of  the  heart  of  the 
frog  and  of  the  toad,  though  the  contracture  was  somewhat  less 
developed  in  the  toad  than  in  the  frog.  In  the  use  of  an  aqueous 
extract  such  as  was  used  by  this  investigator  various  constituents 
of  unknown  activity  may  obscure  the  effects  of  the  true  systolic 
heart  poison.  As  will  be  seen  from  our  experiments  with  bufagin 
the  pure  drug  does  not  cause  an  immediate  systolic  arrest  of  the 
heart  of  the  toad  but  only  slowly  alters  its  rhythm,  tonicity  and 
conductivity  and  finally  leads  to  a  perfectly  developed  systolic 
contracture. 

Our  experiments  have  shown  that  while  Bufo  agua  is  not  in  the 
least  immune  to  the  epinephrin  contained  in  its  venom,  its  resist- 
ance toward  bufagin  is  greater  than  that  of  the  frog  {R.  clamata). 
That  this  toad  is  only  relatively  immune  to  this  systolic  heart 
poison  contained  in  its  venom  may  be  seen  from  the  protocols  of 
the  following  experiments.  An  injection  of  1.5  mg.  has  no  observ- 
able effect  but  an  injection  of  8  mg.  has  a  depressant  action  from 
which  the  animal  soon  recovers. 

Effect  of  Bufagin  on  Bufo  Agua 

Experiment  3.  May  3,  1911  Bufa  Agua  100  grams  injected  intra- 
peritoneally  with  2.5  cc.  of  solution  of  Bufagin  (=1.5  mg).  No  effect 
noted. 

May  4    Alive  and  well;  but  seems  a  little  sluggish  in  its  movements. 

May  7    Alive  and  normal. 

Experiment  4-  December  4,  1911,  2.30  p.m.  Bufo  Agua  225  grams. 
Injected  intraperitoneally  with  10  cc.  =  (8  mg.  bufagin)  of  5  per  cent 
alcohol  solution. 

2.40     Is  partially  paralyzed;  lies  with  its  belly  touching  the  table. 

3.45     Stretches  legs  out  more  sluggishly  than  usual. 

4.00    Animal  apparently  normal.     All  that  can  be  noted  is  a  little 
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slowness  in  movements.  Otherwise,  it  responds  to  stimuli,  turns  over 
when  placed  on  back,  and  hops  as  usual.  Skin  is  ver>''  moist,  much  more 
so  than  at  the  beginning  of  the  experiment. 

December  5  Animal  has  recovered  and  is  in  normal  condition.  A 
control  experiment  was  made  with  an  equivalent  amount  of  5  per 
cent  alcohol.  The  toad  was  slightly  depressed  for  half  an  hour  after 
injection,  but  soon  recovered  and  was  in  normal  condition. 

Experiment  5.  March  21,  1911  Bufo  Agua  120  grams,  pithed,  chest 
opened  and  heart  exposed.  Rate  of  heart-beat,  fifteen  in  fifteen  sec- 
onds. 

12.30    Applied  to  heart  0.1  cc.  of  bufagin  solution  (1  cc.  =  0.75  mg.). 

One  minute  later  rate  of  heart-beat,  six  in  fifteen  seconds;  five  min- 
utes lat«r  rat«  of  heart-beat,  ten  in  fifteen  seconds. 

2.30  Injected  into  aorta  0.3  cc.  of  bufagin  solution  (1  cc.  =  0.75  mg). 
Rate  becomes  eight  in  fifteen  seconds;  contractions  of  heart  are  markedly 
more  powerful. 

2.45    Injected  into  aorta  1  cc.  of  same  solution. 

2.50    Rate  is  eight  in  fifteen  seconds. 

3.30    No  change. 

As  far  as  the  action  of  bufagin  on  the  heart  of  Bufo  agua  is 
concerned,  our  experiments  show  that  the  direct  application  of 
quantities  varying  from  0.075  to  0.25  mg.  cause  a  distinct  slowing 
of  the  heart  beat  which  is,  however,  of  short  duration  only. 
When  the  action  of  the  drug  on  the  excised  heart  of  the  toad  is 
studied  by  the  suspension  method  (ventricle)  it  is  seen  that  the 
tonicity  of  the  heart  is  greatly  increased  and  its  rate  of  beat  les- 
sened. 

Finally  a  most  interesting  phenomenon  was.  observed  which 
was  never  seen  in  the  frog.  Periods  of  absolute  inhibition  of  the 
ventricle  alternate  with  periods  of  action  (see  Fig.  3).  These 
alternating  periods  of  inhibition  and  activity  of  the  ventricular 
rythm  are  approximately  of  equal  duration.  During  the  periods 
of  inhibition  of  the  ventricle,  the  auricles  are  seen  to  beat  ineffec- 
tively and  slowly  and  it  is  for  this  reason  that  the  condition  may  be 
described  as  one  of  heart  block  due  to  lack  of  transmission  of 
impulses  in  the  bundle  of  His.  Studies  of  the  ventricular  output 
of  the  heart  of  the  toad  and  frog  were  not  undertaken,  as  it  was 
planned  to  make  such  studies  on  the  warm-blooded  heart. 
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The  action  of  bufagin  on  the  walls  of  the  blood  vessels  of  B. 
agua  does  not  seem  to  differ  in  any  way  from  its  action  on  those 
of  the  frog,  unless  it  be  that  the  effect  of  small  doses  is  more 
marked  in  the  latter.  On  perfusing  the  toad  with  a  solution  of 
bufagin,  a  marked  vaso-constrictor  effect  is  observed,  as  may  be 
seen  by  a  study  of  the  protocol  of  Experiment  6.  Fig.  4  contains 
a  portion  of  the  graphic  record  of  this  experiment.  The  drug 
exerts  a  similar  action  on  the  plain  muscle  fibers  of  the  stomach  of 
B.  agua  causing  them  to  contract  (Fig.  5). 

Experiment  6.  January  30  and  31,  1911  Perfusion  of  Bufo  agua 
with  bufagin.  Perfusing  cannula  in  aorta,  outflow  cannula  in  sinus 
venosus.  Locke's  solution  perfused  under  a  pressure  of  35  cm.  At 
stated  times  solution  of  bufagin  is  injected  through  the  wall  of  the  rubber 
tubing  close  to  the  aortic  cannula. 


January  30 

,  1910 

TIME 

^ajMBER   OF   DROPS   IN 
TWBNTT  SECONDS 

BEMA.BK8 

3.40-3.50 

24 

9 
10 
10 
10 

9 
9 

13 

9 

9 

8 
7 
6 

3.50,  injection 

Injected  1.5  cc.  =  0.00033  gram 
bufagin.     Effect    is    immediate; 

3.51-4.01 

fifteen  drops  in  first  twenty  sec- 
onds. 

4.01-4.15 

4.15-4.30 

4.30-4.35 

4.35,  second  injection  . . . 

4.36-4.45 

4.45-^.53 

Injected  1.5  cc.  =  0.00033  gram 
bufagin;  immediate  effect  as  be- 
fore, eight  drops  in  first  twenty 
seconds. 

January  31st 

Toad  placed  on  ice  until  the  morn- 
ing of  the  31st,  when  the  perfu- 

10-10.36  

sion  was  continued  as  before,  first 
with   normal    Locke's    solution. 

10.37  first  injection 

10.37-10.48 

1.5  cc*  =  0.00033  gram  bufagin. 

10.48-10.53 

10.53  second  injection. . . 
10.53-10.55 

1.5  cc.  =  0.00033  gram  bufagin. 

10.55-11.00 

11.00-11.03 
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Fig.  4.  Perfusion  of  B.  agua  with  bufagin.  Locke's  solution;  perfusion  pres- 
sure =  35  cm.  At  intervals  as  stated  in  protocol  0.00033  gram  bufagin  was  in- 
jected into  the  perfusion  tube. 
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B.    Action  of  Bufagin  on  Warm-hlooded  Animals  (Mammalia) 

Effects  on  the  intact  animal.  Our  observations  were  made  on 
white  mice,  guinea-pigs,  rabbits,  cats  and  dogs. 

The  drug  was  administered  hypodermically,  intramuscularly, 
and  by  mouth.  We  have  also  made  some  observations  on  the 
effect  of  the  drug  on  man. 

We  have  made  experiments  with  a  view  of  detecting  any  local 
irritation  or  infiltration  following  hypodermic  administration  of 
the  drug,  and  have  convinced  ourselves  that  bufagin  in  the  doses 
used  causes  no  local  irritation  whatever,  unlike  digitoxin  and  other 
members  of  the  digitalis  group  of  drugs. 

As  bufagin  is  but  very  sparingly  soluble  in  water  or  in  physio- 
logical salt  solution,  (0.2  mg.  to  1  cc.  water  at  room  temperature), 
and  tends  to  crystallize  out  from  aqueous  solutions  containing 
even  this  small  amount,  the  solutions  in  most  of  our  experiments 
were  made  up  with  small  quantities  of  alcohol,  the  amount  of 
which  varied  from  a  fraction  of  1  per  cent  to  5  per  cent.  Con- 
trol experiments  with  equal  quantities  of  alcohol  were  made, 
and  we  have  found  that  the  transient  local  symptoms  following 
injections  of  bufagin  were  no  greater  than  those  following  injec- 
tions of  solutions  containing  alcohol  (1  per  cent  to  5  per  cent)  only. 

As  a  result  of  our  observations  it  was  found  that  the  herbivor- 
ous animals  studied,  the  guinea-pig  and  rabbit,  are  relatively  more 
resistant  to  the  action  of  bufagin  than  the  carnivorous  animals, 
the  cat  and  dog,  the  minimal  fatal  dose  for  the  guinea-pig  being 
over  2.5  mg.  and  for  the  rabbit  4.6  mg.  per  kilo,  whereas  for  the 
cat  it  was  1.8  mg.  and  for  the  dog  0.76  mg.  per  kilo. 

Special  observations  were  made  by  us  to  ascertain  the  existence 
of  any  cumulative  action  following  the  administration  of  bufagin. 
Thus,  a  rabbit  weighing  1200  grams  received  ten  injection  ;  of 
bufagin,  varying  in  strength  from  0.25  mg.  to  0.75  mg.  in  the 
course  of  five  days,  and  was  kept  under  observation  for  several 
weeks  afterwards.  In  another  case  a  young  dog  weighing  3.9 
kilos,  received  daily  injections  of  1  mg.  over  a  period  of  two  weeks. 
In  no  case  was  there  any  evidence  of  a  cumulative  effect  noted. 

We  have  numerous  protocols  of  experiments   illustrating  the 
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effect  of  bufagin  on  the  intact  animal,  but  it  would  take  too 
much  space  to  present  them  all  here. 

We  will  therefore  give  only  a  few  illustrative  examples,  and 
content  ourselves  with  summarizing  briefly  the  general  effect 
of  the  drug  on  all  of  the  animals  studied. 

The  systemic  effects  following  administration  of  small  doses  of 
bufagin  are  manifested  by  the  slowing  of  the  pulse-rate,  this  being 
sometimes  preceded  by  a  short  period  of  acceleration,  and  by  a 
strengthening  of  the  heart  beat,  as  judged  by  the  stethoscope 
and  by  palpation.  The  respiratory  movements  show  very  little 
change  in  the  first  stage  of  the  action  of  the  drug  unless  there  is 
nausea  or  vomiting.  Later  these  movements  may  be  somewhat 
more  vigorous  and  in  the  last  or  toxic  stage  they  may  be  very 
deep  and  powerful  and  of  a  markedly  abdominal  type. 

The  toxic  effect  of  larger  doses  is  manifested  in  an  extreme 
slowing  and  irregularity  of  the  heart  beat,  vomiting  and  salivation, 
involuntary  passing  of  urine  and  feces,  incoordination  of  move- 
ments, and  finally  clonic  convulsions  which  may  possibly  be  due 
to  the  insufficiency  of  the  circulation  in  the  last  stage.  On 
autopsy  the  heart  in  almost  all  cases  is  found  contracted  in  systole. 

Illustrotive  protocols 

Experiment  7.  A  white  mouse,  weighing  12  grams  was  injected 
intraperitoneally  with  0.25  cc.  of  bufagin  solution  (1  cc.  =  0.75  mg.). 
One  minute  after  injection  animal  falls  over  in  violent  feonvulsions,  with 
very  rapid  respiration,  marked  salivation  and  involuntary  flow  of  urine 
and  feces.     Convulsions  last  two  minutes  and  end  in  death. 

It  was  found  that  a  much  smaller  dose  0.05  mg.  could  induce  convul- 
sions in  another  mouse  12  grams,  which  were  followed  by  recovery. 

Experiment  8.    May  30,  1911     Guinea  pig  200  grams. 

11.20  a.m.  Pulse  62  in  fifteen  seconds.  Injected  under  skin  of  abdo- 
men 1  cc.  of  solution  of  bufagin  =  0.25  mg. 

11.20  a.m.  Pulse  62  in  fifteen  seconds.  Injected  under  skin  of  abdo- 
men 1  cc.  of  solution  of  bufagin  =  0.25  mg. 

11.25     Pulse  70  in  fifteen  seconds.     Determined  by  auscultation. 

11.30    Pulse  60  in  fifteen  seconds. 
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,     11.34    Pulse  60  in  fifteen  seconds.     Injected  1  cc.  of  solution  of  bufa- 
gin  =  0.25  mg. 

11.37     Pulse  47  in  fifteen  seconds. 

11.43  Pulse  46  in  fifteen  seconds. 

11.49    Pulse  46  in  fifteen  seconds.     Legs  give  way;  lies  on  its  side. 
11.53    Pulse  44  in  fifteen  seconds.     On   auscultation   heart    sounds 
very  loud  and  powerful. 

11.56    Pulse  38  in  fifteen  seconds. 

12  m.     Pulse  38  in  fifteen  seconds. 

12.03  p.m.     Pulse  50  in  fifteen  seconds. 

12.10    Pulse  52  in  fifteen  seconds. 

12.15    Pulse  60  in  fifteen  seconds. 

12.30    Pulse  62  in  fifteen  seconds.     Recovered,  eating  hay. 

Experiment  9.    Male  rabbit  1740  grams. 

May  25.  12.25  p.m.  Pulse  45  in  fifteen  seconds.  Injected  intra- 
peritoneally  1.5  cc.  of  solution  of  bufagin  =  1.12  mg. 

12.40  Pulse  30  in  fifteen  seconds.  Depressed;  lies  quietly  in  corner 
of  cage. 

5.00    Pulse  45  in  fifteen  seconds.     Normal  again. 

May  26.  2.05  Pulse  30  in  fifteen  seconds.  Hypodermic  injection 
of  solution  of  bufagin  4  cc.  =  3.0  mg. 

2.07    Pulse  60  in  fifteen  seconds.     Passes  urine. 

2.30  Pulse  30  in  fifteen  seconds.  Lies  on  its  side.  Respirations 
twenty  in  fifteen  seconds. 

2.50    Pulse  40  in  fifteen  seconds. 

2.55    Pulse  30  in  fifteen  seconds.     Respirations  very  shallow. 

3.00    Pulse  28  in  fifteen  seconds. 

3.13  Pulse  12  in  fifteen  seconds.  Staggers.  Slight  convulsion 
noted.     Respirations  eight  in  fifteen  seconds. 

3.22  Pulse  18  in  fifteen  seconds.  Frequent  and  violent  clonic  con- 
vulsions. 

3.25  Respiration  stops.  Pupils  widely  dilated  and  eyes  protruding; 
heart  beat  not  felt,  but  on  auscultation  with  stethoscope  fibrillary  con- 
tractions of  heart  seem  to  be  heard,  which  soon  cease.  On  autopsy, 
viscera  very  pale;  ventricles  firmly  contracted  in  systole. 

Experiment  10.    May  29,  1911     Black  cat.     2  kg. 

12.44  p.m.  Injected  under  skin  of  abdomen  5  cc.  of  solution  of  bufa- 
gin =  3.75  mg. 

12.48    Vomits.     Voids   feces. 
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12.52  Clonic  convulsions. 

12.53  Pupils  widely  dilated.     Death. 

Experiment  11.     November  23,  1911     Dog,  3.5  kg. 

2.00  p.m.  Tube  passed  into  stomach  and  4  mg.  bufagin  in  2|%  alco- 
hol solution  introduced. 

2.15    Animal  lies  quietly  in  comer  of  room. 

2.30  Profuse  vomiting  and  salivation.  Depressed.  One  hour  later 
complete  recovery. 

Experiment  12.     June  6,  1911     Dog,  7.9  kg. 

10.40  a.m.  Pulse  36  in  fifteen  seconds.  Injected  6  cc.  solution  of 
bufagin  =  3.6  mg, 

10.50     Pulse  36  in  fifteen  seconds. 

11.00    Pulse  36  in  fifteen  seconds. 

11.05  Pulse  36  in  fifteen  seconds.  Injected  4  cc.  solution  of  bufagin 
=  2.4  mg. 

11.20    Pulse  24  in  fifteen  seconds. 

11.25     Vomits. 

11.35  Pulse  16  in  fifteen  seconds.  Very  irregular  heart  beat.  Ani- 
mal very  sick. 

11.55    Vomiting  and  trembling;  then  convulsions  and  death. 

Experiment  IS.     Dog,  6  kg. 

May  31, 1911.  1.35  p.m.  Pulse  36  in  fifteen  seconds.  Injected  10  cc. 
of  solution  of  bufagin    =  2.5  mg. 

1.40     Pulse  30  in  fifteen  seconds. 

1.43     Pulse  30  in  fifteen  seconds. 

1.45  Pulse  32  in  fifteen  seconds.  Injected  10  cc.  of  solution  of  bufa- 
gin  =  2.5  mg. 

1.48    Pulse  30  in  fifteen  seconds. 

1.50    Pulse  35  in  fifteen  seconds. 

1.55    Pulse  32  in  fifteen  seconds. 

2.00    Pulse  34  in  fifteen  seconds. 

2.05    Pulse  32  in  fifteen  seconds. 

2.15    Pulse  32  in  fifteen  seconds. 

2.30    Clonic  convulsions. 

June  1.  1.50  Recovered;  apparently  perfectly  normal.  Pulse 
forty  in  fifteen  seconds. 

Effect  on  man.  Having  studied  the  effects  of  bufagin  in  various 
doses  on  the  lower  animals,  we  proceeded  to  try  the  effect  of  small 


360  JOHN   J.    ABEL   AND    DAVID   I.    MACHT 

injections  of  the  drug  on  ourselves  and  on  some  of  our  colleagues. 
In  this  place  we  may  merely  mention  that  from  injections  of  1  mg. 
doses  of  bufagin  in  5  per  cent  alcoholic  solution  (2.5  cc.)  on  our- 
selves and  other  normal  subjects,  we  have  noted  a  definite  rise  in 
systolic  blood-pressure  (from  10  to  25  mm.)  and  an  increase  in 
pulse-pressure  (from  10  to  25  mm.)  as  measured  with  the  Erlanger 
and  Riva-Rocci  instruments,  and  a  slowing  of  the  pulse-rate  of 
from  four  to  twelve  beats  a  minute.  There  were  no  untoward 
effects  noted,  and  there  was  no  local  irritation  except  the 
stinging  sensation  caused  by  the  alcohol,  which  was  no  greater 
than  in  control  injections  of  solutions  containing  the  same  quan- 
tity of  alcohol  only. 

Drs.  Macht  and  Rowntree  of  this  Laboratory  are  at  present 
engaged  in  a  clinical  study  of  the  action  of  bufagin  in  pathological 
cardiac  cases  in  the  Johns  Hopkins  Hospital,  and  the  results  of 
.  their  observations  will  be  published  in  due  time. 

Effect  of  Bufagin  on  animals  under  anaesthesia.  1.  General 
action  on  the  circulatory  apparatus.  If  we  anesthetize  a  dog  and 
inject  a  small  non-toxic  dose  of  bufagin  (0.2  mg.)  into  one  of  its 
veins  the  blood-pressure  tracing  will  show  the  following  changes. 
Immediately  or  very  soon  after  the  injection  there  occurs  a  small 
rise  in  the  blood-pressure  with  a  normal  or  slightly  accelerated 
pulse  rate.  This  brief  preliminary  effect  soon  passes  into  what 
we  have  called  the  first  or  therapeutic  stage  in  which  we  have  a 
blood-pressure  above  the  normal  and  a  distinctly  slower  pulse 
rate  with  the  amplitude  of  the  pulse  waves  distinctly  increased. 
If  the  dose  injected  is  small  the  vagus  effect  gradually  wears  off 
and  the  curve  assumes  its  normal  character.  If  the  dose  be  larger, 
the  first  stage  passes  into  the  second  which  may  be  termed  the 
stage  of  excessive  vagus  stimulation.  The  pulse  now  becomes 
very  slow,  thirty  or  even  twenty  beats  in  the  minute  and  the 
pulse  waves  are  enormously  increased  in  amplitude.  The  blood- 
pressure  still  remains  high.  The  slowing  of  the  heart  beat  may, 
however,  be  so  extreme  that  the  pressure  falls  below  the  level  of 
the  first  stage  in  spite  of  the  peripheral  asterial  constriction. 

If  during  this  stage  the  heart  be  exposed  as  was  done  in  our 


CRYSTALLINE    PRINCIPLES   FROM   BUFO   AGUA  361 

experiments  with  artificial  respiration  and  curare,  a  true  heart 
block  may  occasionally  be  observed,  the  auricles  and  ventricles 
beating  in  the  ratio  of  2  :  1,  3:1,  or  even  4:1.  In  exceptional 
cases,  the  heart  may  be  permanently  arrested  in  this  stage,  in 
which  event,  the  ventricle  will  usually  be  found  in  diastole.  More 
usually,  however,  and  especially  if  more  bufagin  be  injected,  the 
action  passes  on  to  the  third  or  toxic  stage.  The  pulse  now 
becomes  very  rapid  and  the  blood-pressure  rises  to  a  higher 
level.  Soon  irregularities  of  tlie  heart  beat  are  noted  and  the 
blood  pressure  begins  to  fluctuate.  The  heart  muscle  is  now 
seriously  poisoned.  Presently  the  pressure  drops  suddenly  to 
near  the  zero  level  and  the  heart  comes  to  a  standstill.  After 
such  a  fatal  drop  in  the  arterial  pressure  the  left  ventricle  of  the 
heart  is  almost  invariably  found  to  be  firmly  contracted  in  systole. 
The  action  of  bufagin  as  above  described  coincides  with  that  of 
the  digitalis  series  whose  action  on  the  circulatory  apparatus  was 
first  clearly  classified  in  this  manner  by  Cushny. 

We  have  found  that  the  same  course  of  events  follows  the 
administration  of  bufagin  hypodermically,  intramuscularly  and 
by  mouth  except  that  in  the  last  case  a  slightly  larger  dosage  is 
required  to  produce  a  given  effect  in  a  given  time  on  account  of 
the  slowness  of  absorption. 

The  following  protocols  will  illustrate  the  course  of  events  above 
described.  Fig.  6  contains  parts  of  a  kymograph  tracing  illus- 
trative of  the  various  stages  in  the  action  of  bufagin  on  the  circu- 
lation. 


Experiment  14-  March  20,  1911  Dog,  7.8  kg.  Manometer  con- 
nected to  right  carotid  artery;  injection  cannula  in  left  femoral  vein; 
ether  anaesthesia;  curare;  tracheal  cannula;  artificial  respiration. 


BLOOD  PRES- 

TIHB 

PCLSE   RATE 

BURE  IN  MM. 

BEMARKB 

per  min. 

10.00  a.m 

Experiment  begins. 

10.01 

84 

120 

10.02 

84 

126 

Injected  bufagin  1  cc,=  0.000224  gram. 

10.02^ 

84 

126 

Injection  ends. 

10.03 

84 

140 

10.10 

90 

116 

Injected  bufagin  2  cc.  =  0.000448  gram. 

10.101 

90 

116 

Injection  ends. 

10.11 

90 

124 

10.12 

94 

126 

Respirations  increased  in  rate  and  ampli- 
tude. 

10.18 

88 

114 

10. 18^ 

88 

114 

Injected  bufagin  1  cc.  =  0.000756  gram. 
(Stronger  solution). 

10.19 

88 

120 

Injection  ends. 

10.19^ 

64 

128 

Vagus  effect  begins,  slowing  of  rate,  and 
greater  amplitude. 

10.20 

64 

126 

10.20§ 

32 

126 

Full  vagus  effect,  pulse  waves  of  great 
amplitude  (20  mm.),  extreme  slowing, 

10.21 

32 

128 

10.22 

32 

142 

Respiration    rapid. 

10.23 

32 

144 

10.24 

32 

144 

10.30 

32 

112 

10.31 

32 

100 

10.33 

32 

104 

10.34 

32 

108 

10.35 

110 

140 

Vagus  effect  ends,  pulse  waves  of  small 
amplitude,  pulse  very  rapid. 

10.36 

118 

118 

10.37 

118 

120 

10.42 

122 

140 

Heart  beat  irregular. 

10.42^ 

122 

150 

10.43 

122 

130 

10.44 

122 

120 

10.45 

122 

120 

10.49 

122 

96 

10.50 

122 

96 

Slow  injection  of  bufagin  2  cc.  =  0.001512 
gram. 

10.51 

120 

100 

10.51§ 

120 

132 

10.52 

120 

150 

10.52i 

120 

164 

Injection  ends. 

10.53 

136 

180 

10.55 

136 

190 

ll.CO 

Sudden  drop,  stoppage  of  heart,  death. 
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Experiment  15.    Dog,  8.0  kg.     Manometer  connected  to  left  carotid 
artery;  injecting  cannula  in  it  femoral  vein;  ether;  tracheal  tube. 


BLOOD  PHES- 

TIIIB 

PULSE   RATE 

BUBE  IN  Mil. 

BEMABKS 

per  min. 

ll.OOa.m 

Experiment  begins. 

11.01 

80 

104 

Respirations  sixteen  to  one  minute. 

11.05 

80 

104 

Injection  of  bufagin  0.5  cc.    =   0.000112 

gram. 

ll.OSi 

84 

106 

11.06 

84 

124 

11.07 

88 

124 

11.10 

88 

126 

11.11 

88 

128 

11.12 

88 

130 

11.13 

88 

132 

11.19 

88 

136 

11.20 

76 

120 

Vagus  effect  noticeable,  slowing  of  rate. 
Respirations  deeper. 

11.21 

66 

112 

11.22 

68 

106 

11.23 

68 

96 

11.25 

68 

84 

11.29 

68 

90 

11.37 

68 

86 

Injections  of  bufagin  1  cc.  =  0.000224  gram. 

11.38 

76 

100 

Blood    pressure    rising. 

n.38f 

44 

110 

Marked  vagus  effect,  pulse  waves  of  great 
amplitude. 

11.40 

44 

112 

11.42 

32 

106 

. 

11.54 

54 

110 

11.55^ 

54 

130 

Injections  of  bufagin  1.  cc  =  0.000224  gram. 

12.00 

30 

130 

12.01p.m. 

30 

130 

12.10 

30 

122 

12.10i 

Injection  of  bufagin  10  cc.  =  0.002240  gram 
begins. 

12.11 

o 
B 

132 

12.1U 

144 

12.12 

S3    C 

164 

12.121 

12.13 

12.15 


12.16 
12.16i 


z:   o 


3 


144 
110 


140 


Injection  ends. 

Pulse  waves  too  small  and  too  rapid  to  be 
counted.  Respirations  powerful  and 
abdominal  in  type. 

Sudden  drop  of  pressure.    Death. 
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Experiment  16.     Dog,  3.9  kg.    Manometer  connected  with  rt.  carotid; 
injection  cannula  in  left  femoral  vein;  ether  anaesthesia;  tracheal  tube. 


TIME 

PULSE  BATE 

BLOOD  PBB8- 
BUBB  IN  MM. 

BEMARKS 

per  min. 

4.00p.m. 

90 

112 

Respiration  thirty  in  one  minute. 

4.02 

90 

112 

4.05 

90 

112 

Injection  of  bufagin  2  cc.  =  0.0015  gram, 
very  slowly. 

4.081 

Injection  ends. 

4.08 

90 

112 

Respirations,  thirty. 

4.09i 

90 

132 

4.08^ 

92 

148 

4.101 

40 

150 

Very  fleeting  vagus  effect,  lasting  about 
thirty  seconds. 

4.11 

Pulse  gets  very  rapid,  small,  and  irregular. 

4.12 

124 

126 

4.13 

132 

144 

4.14 

126 

134 

4.15i 

126 

160 

4.16 

Sudden  drop  of  blood  pressure.    Death. 

2.  Analysis  of  the  action  on  the  circulatory  apparatus.  The 
vagus  effect.  The  slowing  of  the  pulse  rate  and  the  increase  in  the 
amplitude  of  the  pulse  wave  noted  in  the  latter  part  of  the  first 
stage  and  more  especially  throughout  the  second  stage  of  the 
action  of  bufagin  are  consequences  of  the  stimulating  action 
of  the  drug  on  the  cardio-inhibitory  center  as  may  be  easily 
demonstrated  by  cutting  the  vagi,  see  Protocol  of  Experiment  17, 
or  by  administering  atropine.  In  either  case  the  inhibition  is 
at  once  removed  and  the  pulse  curve  assumes  the  well  known 
characteristics  of  lack  of  vagus  control.  The  transition  from  the 
first  stage,  or  stage  of  moderate  slowing,  to  the  second  stage  of 
excessive  vagus  action  is  usually  abrupt,  and  (see  A,  Fig.  7)  the 
decrease  in  pulse  rate  is  then  exactly  one-half  of  what  it  was  just 
prior  to  the  transition. 
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Experiment  17.  March  23,  1911  Dog,  8.56  kg.  Manometer  con- 
nected to  right  carotid  artery;  injection  cannula  in  left  femoral  vein; 
ether  anaesthesia;  tracheal  tube;  curare;  artificial  respiration. 


TIME 

PULSE  BATE 

BLOOD  PRES- 
SURE IN  MM. 

REMARKS 

per  min. 

3.00p.m. 

Experiment  begins. 

3.01 

80 

116 

Respiration  forty  to  the  minute. 

3.05 

80 

32 

Curare  injected  in  slightly  excessive  dose. 

3.20 

90 

52 

3.21 

90 

62 

Injection  of  bufagin  2  cc.  =  0.001512  gram 
begins. 

3.22 

110 

112 

3.23 

108 

144 

3.231 

104 

176 

Injection  ends. 

3.24 

84 

190 

3.26 

84 

190 

Vagus  effects  noticeable. 

3.30 

52 

206 

Marked  vagus  effect,  very  long  and  slow 
sweeps  of  the  writing  pen. 

3.34 

52 

156 

3.35 

68 

156 

Right  vagus  cut. 

3.36 

130 

206 

Left  vagus  cut. 

3.37 

130 

200 

The  period  of  marked  inhibition  (2nd  stage)  sooner  or  later 
gives  way  to  a  stage  of  fast  pulse  and  higher  arterial  pressure,  the 
transitions  to  this  stage  being  generally  as  abrupt  as  was  the 
change  from  stage  one  to  that  of  the  slow  pulse.  (See  D,  Fig.  6 
and  B  Fig.  7.)  The  events  as  here  described  are  seen  when  con- 
siderable doses  of  bufagin  are  injected  intravenously.  The  stages 
are  crowded  together,  so  to  speak,  the  stage  of  marked  inhibition 
may  continue  for  only  fifteen  or  twenty  minutes,  while  in  the  un- 
aesthetized  animal  which  has  received  the  drug  by  intramuscular 
injection  it  may  last  for  hours.  The  cause  of  the  abrupt  change 
from  the  second  to  the  third  stage  may  be  assumed,  as  in  the  case 
of  the  members  of  the  digitalis  series,  to  be  due  not  to  a  paralysis 
of  the  mechanism  of  the  vagus,  but  to  be  indicative  rather  of  an 
increased  state  of  irritability  of  the  musculature  of  the  heart. 
The  irritability  of  the  heart  reaches  such  a  degree  that  the  normal 
impulses  of  the  vagus  are   inadequate  to  produce  their  usual 
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effect.  This  explanation  was  first  offered  by  Cushny^'  for  the 
analogous  phenomenon  seen  in  the  digitalis  series  and  was  further 
elaborated  later  by  Lhotak  von  Lhota.^^  Like  other  observers** 
who  have  studied  digitalis-like  bodies  we  have  also  found  that,  in 
the  third  stage  of  poisoning  with  bufagin,  that  is,  at  the  time  when 
the  vagus  mechanism  is  apparently  paralysed,  electrical  stimula- 
tion of  the  vagus  will,  after  a  brief  refractory  period,  cause  marked 
inhibition  of  the  heart  with  a  fall  of  blood-pressure. 

Action  on  the  blood-vessels  and  other  structures  containing  plain 
muscle.  The  marked  rise  of  blood-pressure  after  injections  of 
solutions  of  bufagin  is  due  in  some  measure  to  the  peripheral 
vaso-constrictor  action  of  the  drug.  This  action  was  well  illus- 
trated in  the  perfusion  experiments  with  frogs  and  toads  described 
in  an  earlier  section  of  our  paper.  It  is  also  illustrated  in. the 
action  of  the  drug  on  the  blood  vessels  of  a  loop  of  the  dog's 
jejunum  as  measured  with  the  intestinal  plethysmograph  (see 
Fig.  8).  It  may  also  be  mentioned  here  that  mere  inspection 
of  the  contracted  blood-vessels  of  the  intestines  in  the  stage  of 
high  blood  pressure  convinces  usthatvaso-constriction  is  a  marked 
element  in  the  rise  of  blood-pressure.  The  vaso-constriction  was 
also  noted  in  experiments  made  with  the  kidney  enclosed  in  the 
oncometer,  when  it  was  seen  that  the  first  or  immediate  effect  of 
an  injection  of  bufagin  is  to  cause  a  diminution  in  the  volume  of 
that  organ. 

In  further  illustration  of  the  peripheral  vaso-constrictor  action 
of  our  drug  we  may  cite  the  results  of  an  experiment  on  a  decere- 
brate cat  with  pithed  cord  (see  Experiment  18).  Through  a 
misunderstanding  the  animal  had  received  an  excessive  amount  of 
morphine  prior  to  the  anaesthesia  with  ether  and  this  together 
with  a  considerable  loss  of  blood  during  the  operation  gave  us 
rather  a  poor  subject  for  the  experiment.  Under  the  conditions 
of  the  experiment,  even  though  the  arterial  pressure  did  not  rise 
to  as  high  a  level  as  might  be  expected  (from  42  to  72  mm.)  we 
may  still  believe  that  the  observed  rise  was  in  a  large  measure 
due  to  an  action  on  the  peripheral  vessels. 

"  Journ.  of  Exp.  Medicine,  ii,  233,  1897. 

"  Arch.  f.  Exp.  Pathol,  u.  Pharmakol,  Iviii,  350,  1908. 

"  See  Dale  and  Laidlaw.     Action  of  Apocynum,  Heart,  i,  154  (1903-10). 
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Experiment  18.  March  31, 1911  Cat,  2.8  kg.  Ether  and  morphine; 
carotids  and  vertebral  arteries  tied  off  and  anunal  decerebrated;  spinal 
cord  destroyed;  manometer  in  right  carotid  artery;  injections  through 
left  femoral  vein;  curare;  artificial  respiration. 


TIME 

PULSE   RATE 

BLOOD  PRES- 
SURE IN  MM. 

REMARKS 

per  min. 

^ 

ll.OOa.m 

84 

44 

Experiment  begins.  Head  removed  and 
cord  destroyed  at  10.50. 

11.03 

84 

44 

11.05 

84 

44 

11.07 

84 

40 

11.10 

84 

40 

11.13 

84 

42 

V 

11.15 

84 

40 

11.15i 

Injections  of  bufagin  1  cc.  =  0.0007  gram 
begins. 

11.16 

90 

46 

ii.m 

108 

54 

Injection  ends. 

11.18 

100 

64 

11.181 

100 

66 

11.22 

92 

50 

11.22i 

92 

44 

Injection  of  bufagin  2  cc.  =  0.0014  gram. 

11.23 

114 

64 

11.231 

114 

72 

11.24 

114 

72 

11.241 

Sudden  drop.     Exitus. 

The  question  as  to  whether  the  local  vaso-constricting  action 
of  bufagin  is  exerted  on  the  arterial  musculature  itself  or  on  a 
nervous  mechanism  distal  to  the  spinal  cord  was  studied  by 
Dale's^^  method.  After  the  injection  of  a  quantity  of  ergotoxine 
sufficient  to  abolish  entirely  the  vaso-constrictor  effect  of  epine- 
phrin  so  that  an  injection  of  this  substance  gave  the  paradoxical 
fall  of  pressure,  it  was  found  that  small  doses  of  bufagin  produced 
their  usual  effect  in  raising  the  arterial  pressure.  From  this  we 
concluded  as  was  done  by  Dale  and  Laidlaw"  under  similar  cir- 
cumstances  in    their   study    of   Apocynum,  that  bufagin  acts 

**  Biochemical  Journ.,  ii,  246,  1907. 
"  Heart,  i,  138, 1909-10. 
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directly  upon  the  plain  muscle  and  not  upon  the  nervous  elements 
of  the  blood  vessels. 

The  plain  muscle  of  the  rabbit's  jejunum,  of  the  pig's  jejunum 
and  of  the  isolated  horn  of  the  rabbit's  uterus  was  in  each  case 
found  to  be  stimulated  to  contraction  by  adequate  quantities  of 
bufagin.     See  Fig.  9. 


Fig.  9.  Effect  of  bufagin  on  plain  muscle.  Isolated  loop  of  rabbit's  jejunum. 
Downstroke  of  lever  indicates  contraction.  At  f  2  mg.  10  cc.  of  solution  were 
added  to  the  warm  oxygenated  Locke's  solution  200  cc.  in  which  the  loop  was  sus- 
pended. 

The  effect  on  the  heart.  Our  experiments  with  the  excised  hearts 
of  frogs,  terrapins  and  toads  have  already  indicated  that  bufagin 
has  a  powerful  action  directly  on  the  heart  itself.  In  those  experi- 
ments we  noted  the  great  increase  in  tonicity  and  contractility, 
as  well  as  the  slowing  of  the  heart  beat,  and,  in  the  case  of  the 
to&d,  Bufo  Agua,  we  found  evidence  of  an  effect  on  the  bundle 
of  His,  causing  a  disturbance  in  conductivity  and  resulting  in  a 
heart-block. 

The  action  of  bufagin  on  the  mammalian  heart  was  studied  by 
observation  of  the  exposed  heart  in  situ,  by  an  analysis  of  blood- 
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pressure  curves,  and  by  means  of  tracings  obtained  with  Cushny's 
modification  of  the  Roy-Adami  myo-cardiagraph,^^  with  the 
cardiac  plethysmograph,  and  with  Henderson's^^  cardiameter, 
an  instrument  well  adapted  to  the  study  of  ventricular  volume 
change. 

The  effect  on  the  heart  after  moderate  doses  of  bufagin  which 
result  in  the  first  or  therapeutic  stage,  may  be  briefly  summarized 
as  follows: 

There  is  a  distinct  increase  in  the  tonicity  of  the  heart-muscle 
(see  Fig.  10),  a  slightly  heightened  irritabihty,  and  a  decided 
increase  in  its  contractihty.  The  ventricular  out-put  is  very 
much  augmented,  and  this  is  due  in  part  to  greater  tonicity  and 
stronger  contractions  of  the  heart-muscle,  and  in  part  to  a  more 
complete  relaxation  in  diastole  (see  Figs.  11  and  12^°). 

The  most  striking  effect  on  the  heart-muscle  in  the  second 
stage  of  the  action  of  bufagin  is  the  change  in  its  conductivity, 
which  finally  leads  to  heart-block  as  already  noted.  This  stage, 
as  was  pointed  out  previously  is  characterized  by  a  marked  action 
on  the  cardio-inhibitory  centre.  The  contractile  power  of  the 
heart  is  still  unimpaired,  but  from  the  point  of  view  of  thera- 
peutic use,  this  stage  must  be  regarded  as  one  fraught  with  danger. 

In  the  toxic  stage,  the  heart-muscle  is  poisoned,  as  may  be 
seen  from  the  disturbance  of  all  its  functions.  The  normal  im- 
pulses from  the  vagus  are  inoperative,  the  rhythm  of  the  heart- 
beat is  impaired  and  its  excitabihty  is  greatly  increased,  as  may 
be  seen  from  the  extremely  rapid  and  irregular  pulse,  with  extra 
systoles.  Pulsus  alternans  appears,  as  an  indication  of  weakened 
contractile  power.  The  contractions  are  small  and  irregular. 
The  ventricular  output  is  diminished  and  there  is  a  relaxation  in 
the  tone  of  the  muscle. 


"  Heart,  ii,  1,  1910. 

"  Americ,  Jour.  Physiol.,  xvi,  p.  352,  1906. 

•0  We  are  indebted  to  Dr.  G.  S.  Bond  for  kind  assistance  in  performing  this 
experiment. 
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Fig.  10  Dog  (9.15  kilos).  Trichlor-tertiary-butyl  alcohol.  Ventricular  trac- 
ing with  Henderson's  cardiometer,  showing  increase  in  tonicity  in  B.  Upstroke 
=  systole,  A,  normal;  B,  thirty  seconds  after  injection  of  0.2  mg.  of  bufagin. 
Early  in  the  first  stage  of  the  action  of  the  drug. 
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Fig.  11.  Dog  (9.5  kilos).  Ether  and  Trichlor-tertiary-butyl  alcohol.  Myo- 
cardiographic  Record.  A,  normal;  B,  two  minutes  after  intravenous  injection  of 
1.5  mg.  bufagin;  C,  Toxic  stage  after  further  injections  totaling  3.5  mgs. 
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Fig.  12.  Dog  (6  kilos).  Anaesthetized  with  Trichlor-Tertiary-Butylolcohol 
Upper  tracing  gives  the  auricular  contractions,  the  lower  tracing  is  the  cardio- 
meter-record  (Henderson)  of  the  ventricular  volume.  Downstroke  =  systole. 
A,  Normal.  B,  three  minutes  after  injection  into  left  femoral  vein  of  solution 
containing  0.4  mg.  of  bufagin.  Bloodpressure  recorded  from  the  left  carotid 
artery. 
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Fig.  13.  Cat  (1.6  kilos).  Anesthesia  with  Trichlor-tertiary-butyl  alcohol. 
Drop  record  of  flow  of  urine.  1st  injection  into  left  jugular  =  0.1  mg.  Second 
injection  five  minutes  later  =  0.1  mg.  Third  line  of  drop  record  shows  partial 
suppression  of  urine  following  repeated  injections  aggregating  0.6  mg.  Last 
line  record  in  seconds. 


ii  i  Diuretic  action. 

f  n  : 

We  have  studied  the  diuretic  action  of  the  drug  on  the 
rabbit  and  the  cat  and  have  found  that  it  causes  an  increase 
in  the  flow  of  urine  in  both  animals.  A  rabbit  weighing  1.85 
kilos,  anaesthetized  with  paraldehyde  and  urethane  had  nor- 
mally a  urinary  flow  of  seventeen  drops  per  minute  as  measured 
by  a  drop  record  from  a  bladder  cannula.  After  the  injection  of 
0.5  mg.  of  bufagin  into  the  left  jugular  vein  the  rate  of  flow  quickly 
increased  to  twenty-nine  drops  per  minute  which  rate  was  main- 
tained for  nearly  five  minutes.  The  carotid  blood  pressure  during 
this  time  increased  from  80  mm.  to  100  mm. 

In  the  cat  small  doses  of  the  drug  quickly  induce  a  free  flow  of 
urine,  as  may  be  seen  from  a  study  of  the  protocol  of  Experiment 
17  and  of  Fig  13,  with  this  animal  as  with  the  rabbit,  toxic  doses 
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cause  a  diminution  of  the  flow  which  finally  passes  into  complete 
suppression.  These  positive  results  in  the  way  of  diuresis  may 
be  gained  with  therapeutic  doses. 

Oncometer  and  blood  pressure  experiments  on  the  cat  during 
diuresis  after  bufagin  have  yielded  the  following  results:  After 
small  doses  there  is  seen  at  first,  though  not  invariably,  a  dimi- 
nution in  the  volume  of  the  kidney.  This  is  soon  followed  by  a 
dilatation  of  the  renal  blood  vessels,  as  is  shown  by  an  increase 
in  the  volume  of  the  kidney,  which  goes  hand  in  hand  with  a  rise 
of  blood-pressure  and  a  marked  increase  in  the  flow  of  urine. 
After  the  administration  of  toxic  doses  the  volume  of  the  kidney 
decreases  coincidently  with  the  period  of  very  high  blood  pressure 
and  marked  vaso-constriction,  the  flow  of  urine  is  lessened  and 
soon  complete  suppression  occurs  (see  Fig.  14). 

It  is  evident  from  the  above  that  small  doses  of  bufagin  cause 
a  vaso-dilatation  in  the  kidney  at  a  time  of  constant  or  higher 
blood  pressure  and  vaso-constriction  elsewhere  in  the  body.  In 
this  respect  the  drug  acts  like  other  members  of  the  digitalis 
series  whose  behavior  in  this  regard  has  been  studied  by , Jonescu 
and  Loewi.^i 

Experiment  17.  Diuresis.  Cat  (1.6  kUos).  Anaesthetized  with 
trichlor-tertiary-butylalcohol.  Injection  cannula  in  left  jugular  vein. 
Cannula  \vith  funnel  shaped  end  in  bladder,  so  that  lumen  of  bladder  is 
reduced  to  the  size  of  the  cannula.  Urethra  ligated.  Normal  rate  of 
dropping  of  urine  =  six  per  minute.  Thirty  seconds  after  injection  of 
0.1  mg.  bufagin  number  of  drops  =  twelve  per  minute.  Three  minutes 
later  still  twelve  per  minute.  Five  minutes  later  second  injection  of 
0.1  mg.  One  minute  later  flow  =  nine  drops  per  minute,  three  minutes 
later  ten  drops  per  minute,  five  minutes  later  six  per  minute.  Then 
repeated  injections  at  intervals  of  about  one  minute  until  the  whole 
quantity  from  the  beginning  totaled  0.8  mg.  The  result  of  this  toxic 
dose  was  gradual  suppression  of  the  urinary  flow  terminating  in  com- 
plete anuria. 


•I  Arch.  f.  Exp.,  Pathol,  u.  Pharmakol,  lix,  71,  1908. 
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VI.      SUMMARY 

1.  From  the  secretion  of  the  parotoid  glands  of  the  tropical 
toad,  Bufo  agua,  we  have  isolated  two  distinct,  physiologically 
active  crystalline  principles. 

2.  It  has  been  shown  by  chemical  reactions  and  by  analyses, 
by  polarimetric  observations,  and  by  qualitative  and  quantitative 
physiological  experiments  that  one  of  these  substances  is  identical 
with  dihydroxy-methyl-amino-ethylol-benzene  (epinephrin,  ad- 
renaUn,  suprarenin). 

3.  It  is  calculated  that  the  crude  venom  contains  nearly  seven 
per  cent  (6.72  per  cent)  of  this  amino  alcohol. 

4.  By  means  of  chemical  reactions  and  analyses  it  has  been 
shown  that  the  venom  also  contains  a  crystalHne  principle  which 
we  have  named  bufagin. 

5.  Bufagin  is  dextrorotatory  (  +  11°),  ''neutral"  in  character, 
shghtly  soluble  in  water  and  readily  soluble  in  a  number  of  organic 
solvents.  Its  melting  point  is  217--218°  C.  Its  elementary  com- 
position and  molecular  weight  are  represented  by  the  formula 
C18H24O4.  Its  behavior  toward  bromine  shows  that  it  does  not 
contain  an  unsaturated  carbon  linkage  of  cholesterin. 

6.  The  marked  action  of  bufagin  on  the  heart,  cardio-inhibitory 
centre  and  musculatm-e  of  the  blood-vessels  compel  us  to  class  this 
drug  with  the  most  efficient  members  of  the  digitaUs  series.  Its 
action  on  the  heart  muscle  is  especially  noteworthy.  It  increases 
its  tonicity,  the  strength  of  its  contractions  and  the  ventricular 
volume  output.     Small  doses  of  the  drug  cause  a  marked  diuresis. 

7.  Bufagin  does  not  appear  to  have  a  cumulative  action  and  it 
may  be  administered  hj^podermically. 

8.  The  toad,  Bufo  agua  is  not  at  all  immune  to  dihydroxy- 
methyl-amino-ethylol-benzene,  but  is  relatively  immune  to  bufa- 
gin. 

9.  The  pharmacological  properties  of  bufagin,  its  keeping  qual- 
ities, its  chemical  purity  and  the  consequent  ease  with  which  it 
lends  itself  to  exact  dosage  are  facts  that  urge  a  trial  of  this  sub- 
stance in  therapeutics.  The  successful  use  of  toad  skins  in  the 
medicine  of  an  earlier  day  also  lends  support  to  our  suggestion. 
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A  NOTE  ON  THE  EFFECT  OF  NICOTINE  INJECTION 
ON  ADRENAL  SECRETION 
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From  the  Laboratory  of  Physiology  in  the  Harvard  Medical  School 

Received  for  publication,  January  27, 1912 

The  observations  of  Dreyer/  Tscheboksaroff,^  and  Asher*  have 
proved  that  adrenal  secretion  is  under  the  control  of  the  thor^cico- 
lumbar  autonomic  (sjTiipathetic)  system.  Langley  and  Dicken- 
son concluded  from  their  studies  of  the  action  of  nicotine  that  it 
at  first  stimulates  and  later  paralyses  sjTnpathetic  gangUa.* 
Small  doses  of  nicotine  might,  therefore,  be  expected  to  cause  an 
increase  of  adrenal  secretion  by  stimulating  the  gangha  occurring 
in  the  sj-mpathetic  supply  of  the  adrenal  glands. 

The  present*  investigation  was  undertaken  to  learn  whether 
nicotine  can  in  fact  increase  the  discharge  of  epinephrin  into  the 
blood.  Cats,  under  complete  ether  anaesthesia,  were  used  for 
the  experiments.  The  method  of  testing  for  the  presence  of 
epinephrin  was  that  devised  bj'  Cannon  and  de  la  Paz.^  The 
longitudinal  strips  of  intestinal  smooth  muscle  were  taken  through 
a  small  abdominal  incision  from  the  animal  later  to  be  injected 
with  nicotine.  The  strips  were  cut  into  convenient  lengths  and 
placed  in  aerate  Ringer's  solution  kept  at  approximately  37°  C. 

The  blood  to  be  tested  was  removed,  as  in  the  experiments  of 
Cannon  and  de  la  Paz,  by  mtroducing  a  fine  catheter  vaselined 
inside  and  out,  through  the  left  femoral  vein  into  the  inferior  vena 
cava  to  a  point  immediately  anterior  to  the  opening  of  the  adrenal 

1  Dreyerj  Am.  Jour.  Physiol.,  1898-99,  ii,  p.  219. 

*  TscheboksarofiF :  Arch.  f.  d.  ges.  Physiol..  1910,  cxxxvii,  p.  103. 
»Asher:  Zentralbl.  f.  Physiol.,  1910,  xxiv,  p.  927. 

*  Langley  and  Dickenson:  Jour.  Physiol.,  1890,  .xi,  p.  303. 

*  Cannon  and  de  la  Paz:  Am.  Jour.  Physiol.,  1911.  xxviii,  p.  65. 
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veins.    To  the  catheter  was  attached  a  small  glass  aspirator  by 
which  the  blood  was  withdrawn. 

Before  injection  of  the  nicotine  solution  a  sample  of  blood  (to  be 
called  ''blood  A")  was  extracted.  The  time  of  extraction  was 
noted.  The  blood  was  transferred  immediately  to  a  beaker, 
defibrinated  by  whipping,  and  then  set  in  a  water-bath  at  37°  C. 
A  cannula  was  now  inserted  into  the  right  femoral  vein  and  the 
solution  of  nicotine  (Merck's)  was  allowed  to  run  in  slowly.  The 
time  of  this  injection  was  taken.  After  an  interval  varying  usu- 
ally between  three  and  five  minutes  blood  was  again  extracted 
by  means  of  the  catheter,  from  the  same  region  in  the  inferior 
vena  cava;  the  blood  was  defibrinated  as  before,  and  preserved  at 
body  temperature.  This  was  "blood  B."  In  some  of  the  ex- 
periments a  third  extraction  ("blood  C")  was  made  ten  to  twelve 
minutes  after  the  end  of  the  nicotine  injection. 

The  several  specimens  of  blood — A,  B  and  C — were  then  tested 
for  their  content  of  epinephrin.  The  strip  of  intestinal  muscle, 
attached  to  a  writing  lever,  was  suspended  between  two  serres 
fines  in  a  small  cylindrical  chamber  through  which  air  was  passed. 
The  chamber  was  surrounded  by  water  at  37°  C.  ^  The  character- 
istic inhibition  of  the  rhythmic  contractions  of  the  muscle,  even 
when  it  has  been  for  some  time  removed  from  the  body,  occurs  at 
a  dilution  of  adrenalin  1 :2,000,000  in  defibrinated  blood.^ 

In  testing  the  samples  of  blood  the  first  step  consisted  in  secur- 
ing a  record  of  the  rhythmic  contractions  of  the  intestinal  strip 
when  surrounded  by  warm  aerated  Ringer's  solution.  The  solu- 
tion was  then  withdrawn  by  means  of  a  fine  pipette,  and  blood  A 
was  substituted.  After  the  muscle  had  come  to  a  condition  of 
constancy,  blood  A  was  withdrawn,  and  blood  B  (removed  from 
the  animal  after  the  nicotine  injection)  was  substituted.  The 
muscle  was  again  allowed  to  reach  a  constant  condition,  whereupon 
blood  B  was  replaced  by  blood  A  or  by  Ringer's  solution. 

The  results  which  were  secured  are  illustrated  in  the  accompany- 
ing tracings. 

The  animal  whose  blood-reaction  is  presented  in  Fig.  1  received 
0.0037  gram  (0.75  cc.  of  1  :  200)  of  nicotine.     The  registering 

•  Cannon  and  de  la  Paz:  Loc.  cit.,  p.  69. 
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muscle  was  beating  first  in  Ringer's  solution.  At  x  that  solution 
was  exchanged  for  blood  A.  The  characteristic  increase  of  tonus 
of  the  muscle,  when  freshly  surrounded  by  blood,  was  at  once 
recorded.  At  y  blood  A  was  removed,  and  at  z  blood  B  was  sub- 
stituted. The  contractions  were  promptly  inhibited,  in  a  manner 
typical  of  the  action  of  epinephrin.  This  observation  was  cor- 
roborated by  other  similar  experiments,  as  shown  in  Table  1. 


TAI 

JLE  I 

TIME  OF  EX- 

CAT 

NICOTINE 

SOLUTION 

THACTINQ 

BLOOD  B  AFTER 

INJECTING 

ACTION   OF  MUSCLE  STRIP   ON 
ADDITION   OF  BLOOD   B 

NICOTINE 

grams 

CC. 

minutes 

1 

0.025 

5       (1 

:200) 

5 
10 

Slight  slowing  of  rhythm 
Contractions    ceased    (in- 
hibition) 

2 

0.015 

3       (1 

:200) 

4 

Inhibition 

3 

0.015 

3      (1 

:200) 

4 
10 

Slowing 

Further  slowing    and   loss 
of  tonus 

4 

0.0075 

3       (1 

:400) 

5 

Slight   loss    of    tonus    and 
inhibition 

5 

0.004 

1.6  (1 

:400) 

3 

Loss  of  tonus.     Inhibition. 
Occasional    contraction 

6* 

0.0037 

0.75(1 

:200) 

3 

Loss  of  tonus.     Inhibition 

7 

0.0037 

1.5  (1 

:400) 

1 

8 

Slight  slowing 
Loss  of  tonus.     Occasional 
contractions 

8 

0.0037 

1.5  (1 

:400) 

5 

Loss  of  tonus.     Inhibition. 
Occasional    contractions 

9 

0.0027 

1.1  (1 

:400) 

3 

Increased    tonus.     Con- 
tractions regular 
Dose  subminimal  ? 

*  Fig.  1. 

Magnus  has  shown^  that  the  action  of  nicotine  (5  to  10  eg. 
added  to  200  cc.  of  Ringer's  solution)  is  to  produce  a  brief  inhi- 
bition of  the  rhythmic  contractions  of  the  isolated  strip  of  intes- 
tinal muscle.  Before  the  conclusion  can  definitely  be  drawn  that 
epinephrin  produces  the  inhibition  obtained  after  injecting  nico- 


'  Magnus:  Arch.  f.  d.  ges.  Physiol.,  1905,  cviii,  p.  17. 
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EFFECT  OF  NICOTINE  ON  ADRENAL  SECRETION  385 

tine,  it  is  necessary  to  eliminate  the  possibility  that  the  injected 
nicotine  itself  is  the  cause. 

The  effect  of  nicotine  was  tested  by  two  methods.  In  the  first, 
nicotine  was  added  to  the  normal  defibrinated  blood  in  which 
the  strip  was  contracting.  In  Fig.  2  is  recorded  the  effects  of 
small  doses  of  nicotine  on  the  contractions.  At  x  and  y,  and  z, 
nicotine  was  added,  in  all  more  than  1  cc.  of  a  1 :  200  solution. 
The  amount  of  blood  in  the  chamber  was  approximately  3.5  cc. 
When  to  this  an  amount  of  nicotine  was  added  sufficient,  if  in- 
jected into  a  cat,  to  produce  total  inhibition  of  the  contractions, 
there  resulted  not  relaxation  but  increased  tone  and  more  rapid 
rhythm. 

The  second  method  of  eliminating  the  possibility  that  injected 
nicotine  caused  inhibition  of  the  pulsating  strip  was  by  testing  the 
blood  from  decapsulated  animals.  Blood  A  was  extracted  as  in 
previous  experiments.  The  animals  were  then  deprived  of  their 
adrenal  capsules,  and  after  twenty  to  thirty  minutes  they  were 
given  0.0075  gram  nicotine,  a  dose  which,  as  Table  1  shows,  is 
capable  of  producing  complete  relaxation  of  the  test  muscle.  At  the 
usual  period  after  the  nicotine  injection  blood  B  was  extracted. 
In  no  case  was  there  any  loss  of  tone,  slowing  of  the  rhythm, 
or  inhibition.  In  Fig.  3  these  results  are  presented  graphically. 
At  X  normal  blood  was  added,  at  y  blood  taken  from  the  animal 
after  nicotine  injection  was  substituted.  The  addition  of  one 
drop  of  adrenalin  (1  :  1000)  at  z  caused  gradual  loss  of  tone  and 
inhibition,  which  proved  that  the  muscle  was  still  sensitive  to  the 
presence  of  epinephrin. 

Nicotine,  as  used  in  these  experiments,  does  not  produce  inhi- 
bition of  the  pulsating  intestinal  strip.  Blood  taken  from  near 
the  openings  of  the  adrenal  veins  after  nicotine  injection  differs 
from  blood  removed  from  the  same  region  before  the  injection, 
in  producing  inhibition  of  the  pulsating  strip.  This  difference 
does  not  appear  if  nicotine  is  injected  after  the  adrenal  glands  have 
been  removed.  The  conclusion  is  therefore  justified  that  injec- 
tion of  nicotine  in  small  amounts  (0.0035  to  0.0075  gram  in  cats) 
results  in  augmented  adrenal  secretion. 


QUANTITATIVE  STUDIES  ON  THE  GASTRO-INTES- 
TINAL  ABSORPTION  OF  DRUGS:  II.  THE  ABSORP- 
TION OF  SODIUM  IODIDE 

PAUL  J.  HANZLIK 

Prom  the  Pharmacological  Laboratory  of  the  Medical  School  of  Western  Reserve 

University,  Cleveland 

Received  for  publication,  February  8,  1912 
INTRODUCTION 

The  first  of  this  series  of  papers^  dealt  with  the  quantitative 
absorption  of  phenol  from  the  alimentary  canal.  In  this,  the 
second  of  the  projected  series  of  investigations  on  absorption, 
Dr.  Sollmann  proposed  to  me  to  apply  the  same  plan  of  study 
to  a  substance  which  differs  physically,  chemically,  pharmacologi- 
cally and  physiologically  as  widely  as  possible  from  phenol;  and 
for  this  he  chose  sodium  iodide.  It  was  found  that  the  course  of 
absorption  presented  many  points  of  similarity,  especially  the 
curious  inhibition,  following  the  rapid  initial  absorption.  The 
mechanism  of  this  inhibition,  however,  is  quite  different,  the 
haloid  salts  producing  a  specific  action  in  the  permeabiUty  of  the 
epithehimi  to  haloid  salts. 

METHODS 

In  these  experiments  dogs  and  cats  were  used  interchangeably, 
since  the  absorption  in  these  animals  did  not  differ  materially. 
This  will  be  discussed  presently.  AU  animals  were  in  a  stage  of 
complete  anesthesia  before  the  experiment  was  begun.  For  dogs 
a  preUminary  hypodermic  injection  of  morphin  sulphate  20  mgms. 
per  kilo  was  used,  supplemented  by  ether.  For  cats,  the  usual 
laboratory  anesthetic  consisting  of  ethyl  carbamate  20  grams,  atro- 
pin  sulphate  0.02  gram,  and  morphin  sulphate  1.0  gram  in  100  cc.  of 

'  Sollmann,  Hanzlik  and  Pilcher:  J.  Pharm.  and  Exp.  Therap,  1910,  i,  p.  408. 
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water  was  used,  in  the  dose  of  3  cc.  per  kilo  by  rectum;  and  this  too 
was  supplemented  by  ether  as  necessary.  In  all  cases  tracheotomy 
was  performed,  the  carotid  artery  (usually  the  left)  being  con- 
nected with  a  blood-pressure  recording  apparatus.  Laparotomy 
was  then  done  to  expose  the  intestine.  During  the  experiments  all 
animals  were  kept  warm,  and  the  intact  intestines  were  replaced 
in  the  abdomen  and  edges  of  the  wound  were  closed.  In  all 
cases  where  experiments  were  performed  with  several  loops,  the 
intestine  was  doubly  hgated  into  loops  of  equal  length  (15  cms.). 
Details  other  than  these  will  be  given  in  their  proper  place. 

The  injection  of  sodium  iodide  was  accompHshed  by  the  use  of 
a  graduated  burette.  With  a  hypodermic  needle  attached  to  a 
rubber  tubing  leading  from  the  burette,  a  definite  quantity  of  a 
known  sodium  iodide  (10  cc.  per  kilo  of  approximately  1  per  cent) 
solution  was  injected  directly  into  a  loop  or  any  portion  of  the 
gastro-intestinal  tract,  close  to  a  ligated  end.  The  needle  punc- 
ture was  Hgated  immediately  upon  withdrawal  of  the  needle  to 
prevent  leakage  of  the  iodide.  The  solution  was  allowed  to 
remain  the  required  length  of  time;  the  organ  was  then  excised 
and  the  sodium  iodide  in  the  tissue  and  contents  recovered  accord- 
ing to  a  method  previously  described."  The  amount  recovered 
subtracted  from  the  amount  injected,  indicated  the  amount  of 
sodium  iodide  absorbed.  All  of  the  results  are  expressed  in  per- 
centage, except  in  special  cases  where  the  difference  will  be  noted. 

Throughout  the  paper,  I  shall  compare  the  iodide  results  with 
those  described  by  us  for  phenol.  The  Roman  numerals  in  the 
conclusions  refer  to  the  corresponding  sections  of  our  Phenol 
paper. 

EXPERIMENTAL   RESULTS 

1.     The  identical  behavior  of  cats  and  dogs 

Comparing  the  average  percentage  of  sodium  iodide  absorbed 
from  the  untreated  gastro-intestinal  tracts  of  cats  and  dogs,  the 
conditions  of  the  experiments  otherwise  being  identical,  it  was 
found  that: 

"Hanzlik:  J.  Biol.  Chem.,  1910,  vii,  p.  459. 
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Ten  cats  absorbed  from  31  to  84  per  cent,  an  average  of  58  per 
cent  and  eleven  dogs  absorbed  from  32  to  86  per  cent,  an  average 
of  61.34  per  cent.  The  quantitative  absorption  of  sodimn  iodide 
from  the  gastrointestinal  tract  in  dogs  and  cats  is  practically 
identical.  The  small  difference  falls  within  the  Umits  of  error 
of  experimentation  and  is  smaller  than  the  difference  observed 
in  animals  of  the  same  species. 

The  same  conclusion  apphes  to  phenol  (III),'  although  the 
average  absorption  of  phenol  was  not  much  more  than  half  as 
great  as  that  of  the  iodide. 

S.  Absorption  of  sodium  iodide  according  to  the  site  of  the  gastro- 
intestinal tract 

In  order  to  determine  this,  various  portions  of  the  gastro- 
intestinal tract  were  doubly  hgated  and  injected  with  equal  quan- 
tities of  1  per  cent  sodium  iodide.  At  the  end  of  a  half  hour 
sojourn  each  portion  was  excised  and  the  absorbed  sodium  iodide 
determined.     The  results  obtained  are  indicated  in  Table  I. 

TABLE  I 
Absorption  of  sodium  iodide  according  to  the  site  of  the  gastrointestinal  tract 


PKBCENTAGE  Or  SODIXm  lODIDK 

IBSOBBKD 

AV2BAGE 
PERCENT 

OP  NaI 

ABSOEBED 

on 

Expert- 

ment  I 

Do« 

Experi- 
ment Vm 
Cat 

Experi- 
ment Xm 
Cat 

Expol- 

ment  XV 

Dog 

Stomach 

52.40 

76.56 

25.71 

32.48 

46.79 

Duodenum 

41.27 

90.90 

57.10 

74.35 

65.91 

1    64.21 

Jejunum 

4.76 

92.06 

66.20 

81.19 

61.06 

[   Aver- 

Ileum 

23.80 

88.88 

84.28 

65.65 

.       age 

Colon 

34.43 

58.73 

34.28 

58.11 

42.15 

Average 

32.02 

81.43 

53.51 

61.53 

56.31 

The  average  of  all  experiments  for  the  three  portions  of  the 
intestinal  tract  which  comprise  the  small  intestine  is  equal  to 
64.21  per  cent;  for  the  stomach  46.79  per  cent  and  for  the  colon 
42.15  per  cent.  Evidently  then,  the  greatest  average  percentage 
of  absorption  of  sodium  iodide  takes  place  along  the  course  of  the 

*  The  Roman  numerals  indicate  the  corresponding  sections  of  our  paper  on 
Phenol-absorption . 
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small  intestine  between  the  pylorus  and  the  colon.  It  is  also  very 
well  indicated  in  our  table  that  the  duodenum,  jejunum  and  ileum 
are  in  close  harmony  as  to  the  average  percentage  of  absorption. 
The  same  is  true  of  the  stomach  and  colon. 

These  conclusions  can  be  confirmed  by  arranging  the  data  in  another 
way:  If  we  assign  to  each  portion  of  the  gastro-intestinal  tract  in 
Table  I,  an  arbitrary  numerical  position  in  the  order  of  greatest  aver- 
age percentage  absorbed,  beginning  with  one,  then  a  constant  position 
is  occupied  by  the  various  portions  of  the  small  intestine,  viz.,  duodenum, 
jejunum,  and  ileum  (i.e.,  2.2,  2.5,  2.3  respectively)  and  the  stomach  and 
colon  (i.e.,  3.5,  3.7,  respectively). 

Conclusion:  The  experiments  show  that  the  ''average  absorp- 
tion" of  sodium  iodide,  in  cats  and  dogs,  is  approximately  the  same 
for  all  divisions  of  the  small  intestine.  The  absorption  from  the 
stomach  and  colon  is  about  a  third  lower  than  that  from  the  small 
intestine.  Individual  experiments,  however,  do  show  unex- 
plained variations  from  the  average  positions. 

With  phenol  (III)  the  absorption  was  quantitatively  identical 
for  the  stomach  and  intestines  in  dogs  and  cats. 


3.     The  extent  of  surface  does  not  infiujence  the  percentage  of 

absorption 

This  was  determined  by  placing  equal  quantities  of  sodium 
iodide  into  two  ligated  loops  of  different  length  in  the  same  ani- 
mal. The  longer  loop  had  about  six  times  as  much  absorbing 
surface  as  the  shorter  loop. 

At  the  end  of  a  half  hour  the  loops  were  excised  and  the  sodium 
iodide  estimated.     The  results  are  indicated  in  Table  II. 

TABLE  II 
Absorption  of  sodium  iodide  according  to  extent  of  absorbing  area 


LENGTH  OF 

PEBCENTAQE  OF  SODIUM  IODIDE  ABSOBBED 

avebaoe  pee  cent 

NaI 

absorbed 

INTESTINE 

Experiment  V 

Experiment  VI 

Experiment  XVU 

cm. 
90 
15 

52.70 
44.40 

62.70 
60.00 

85.47 
87.18 

66.95 
63.86 
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In  the  three  experiments  performed  upon  eats  and  dogs  differ- 
ences were  found  to  exist  as  to  the  quantity  of  sodium  iodide 
absorbed  in  different  animals,  but  the  long  and  short  loops  of 
each  individual  showed  a  striking  agreement. 

Conclusion:  The  extent  of  the  absorbing  surface  of  the  intes- 
tine has  practically  no  effect  on  the  quantitative  absorption  of 
sodium  iodide. 

Phenol  (IX)  gave  the  same  results. 

4.   The  effect  of  different  concentrations  of  sodium  iodide  on  the 

absorption 

Solutions  of  sodium  iodide  of  different  strengths  but  contain- 
ing the  same  absolute  dose  were  prepared  and  injected  simul- 
taneously into  loops  of  equal  length  into  the  same  animal.  These 
were  left  intact  for  half  an  hour,  then  excised  and  the  sodium 
iodide  determined.     Table  III  indicates  the  results  obtained. 


TABLE  ni 

Absorption  of  sodium  iodide  according  to  different  concentrations 


concentbation  of 
NaI  used 

FEBCENTAQE   OP  SODIUM  IODIDE   ABSORBED   FBOM 
SINGLE  LOOPS 

ATEBAQE  FEB  CXMT 
NaI  ABSOBBXO 

Experiment  IX 

Experiment  X 

Experiment  XI 

' 

percent 

i 

1 

78.33 

60.00 

66.00 

66.  U 

2 

83.33 

88.09 

62.85 

78.09 

5 

80.00 

70.00 

55.55 

68.52 

10 

92.57 

90.31 

67.03 

83.30 

Average 

83.56 

77.10 

62.86 

74.01 

The  2  per  cent  solution  seemed  to  be  better  absorbed  than  either 
1  per  cent  or  5  per  cent  in  two  experiments,  but  only  one  of  these 
shows  a  marked  difference.  The  result  is,  therefore,  probably 
accidental.  The  10  per  cent  solution  always  showed  a  greater 
absorption  and  the  difference  was  fairly  marked,  averaging  83.3 
per  cent  against  70.9  per  cent  with  1  per  cent  to  5  per  cent  solu- 
tions. 
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Conclusion:  There  is  no  material  difference  in  the  absorption 
of  1,  2  and  5  per  cent  solutions  of  sodium  iodide.  Ten  per  cent 
solution  is  absorbed  somewhat  more  readily. 

With  phenol  (Vila),  the  undiluted  substance  was  absorbed  a 
trifle  better  than  a  5  per  cent  solution. 


6.  Absorption  of  sodium  iodide  according  to  time  of  sojourn 

This  was  deduced  by  the  introduction  of  equal  quantities  of 
sodium  iodide  into  several  intestinal  loops  of  equal  length  and  the 


*jvr 


miTniuea 

Fig.  I.    Absorption  of  Sodium  Iodide  According  to  Time  of  Sojourn 
The  solid  line  represents  the  mean  curve  of  the  plotted  experiments. 

excision  of  these  at  successive  intervals.  The  average  percent- 
age of  absorption  of  the  four  experiments  was  60.28  per  cent  at 
the  end  of  ten  minutes.  This  was  unchanged  (60.17  per  cent)  at 
the  end  of  thirty  minutes,  increased  to  69.57  per  cent  at  the  end 
of  one  hour  and  diminished  to  68.03  per  cent  at  the  end  of  two 
hours.  The  result  from  the  individual  experiments  as  well  as  their 
averages  are  represented  in  Fig.  I  which  was  constructed  from  the 
data  appearing  in  Table  IV. 

Conclusion:    The  absorption  of  sodium  iodide  from  the  intes- 
tine of  cats  and  dogs  is  practically  arrested  at  the  end  of  the  first 
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TABLE  rv 
Absorption  of  sodium  iodide  according  to  time  of  sojourn 


ATSBAQE  PEBCENTAOE  OF  SODIUM  IODIDE  A380BBED  WROU 

DUPLICATE  LOOPS 

ATEBAQE  PBB 
CENT    NaI 

Experl- 
ment  II 

Experi- 
ment IV 

Experi- 
ment XIV 

Experi- 
ment XVI 

ABSORBED 

Ten  minutes. 

64.25 

50.00 

51.47 

75.39 

60.28 

Thirty     min- 

utes  

73.85 

48.61 

49.00 

69.23 

60.17 

One  hour 

58.70 

70.00 

80.02 

69.57 

Two  hours . . . 

52.40 

63.26 

88.44 

68.03 

ten  minutes  after  injection.  Up  to  the  end  of  the  first  hour  there 
is  a  very  small  further  absorption.  Between  the  first  and  second 
hour  there  is  no  further  absorption.  In  other  words,  the  absorp- 
tion proceeds  very  rapidly  during  the  first  ten  minutes,  and  is 
then  practically  arrested,  leaving  from  25  to  50  per  cent  of  the 
iodide  unabsorbed. 

Broking^  and  Abderhalden  and  Kautzsch*  investigated  the  absorption 
of  potassium  iodide  m  the  intact  animal  by  the  excretion  in  feces  and 
urine,  and  found  it  to  be  rapid  and  nearly  complete  and  which  agrees 
with  my  observations.  Friedman^  observed  that  when  an  aqueous 
solution  of  potassium  iodide  was  applied  per  rectum  in  an  animal  the 
iodide  was  absorbed  more  rapidly  than  when  given  per  os,  as  indicated 
by  the  excretion  in  urine.  Inasmuch  as  the  iodide  was  administered 
somewhat  differently  in  his  experiments  no  comparison  can  be  made 
with  my  results. 

Semmola^  quotes  an  interesting  experiment  which  may  have  some 
bearing  on  these  phenomena.  If  ferrocyanide  is  introduced  into  the 
intestine,  it  passes  quickly  into  the  urine;  but  the  excretion  stops  after 
a  time  when  ferrocyanide  is  still  present  in  the  intestine.  In  other  words 
there  is  an  inhibition  of  absorption. 

The  absorption  of  phenol  (I)  took  a  similar  course. 
The  general  phenomena  of  the  course  of  absorption  of  sodium 
iodide  as  described  in  the  preceding  sections  bear  a  close  resem- 

*  Broking:  Z.  f.  exp.  Path.  u.  Therap,  viii,  p.  123. 
•Abderhalden  and  Kautzsch:  Ibid.,  1907,  iv,  p.  716. 

•  Friedman:  Diss.  Giessen,  1910.,  cit.  Z.  Biochem.  u.  Biophysik,  1910,  x,p.  619. 
^  Semmola:  Experimentelle  Pharmakologie,  1890,  p.  72. 
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blance  to  those  observed  with  phenol.  Especially  striking  is  the 
resemblance  between  the  curves  of  absorption  as  indicated  by 
the  'Hime  of  sojourn."  This  raises  the  question  whether  the 
mechanism  is  identical.  That  this  is  not  so  is  shown  in  the  fol- 
lowing section. 


6.     The  effect  of  succeeding  doses  on  the  absorption 

The  fact  that  phenol  checked  absorption  in  intestinal  loops 
whose  surfaces  were  prevented  from  coming  in  contact  with  pre- 
ceding doses  of  the  substance  showed  that  it  exerted  its  checking 
influence  in  some  other  way  besides  by  local  contact.  Sodium 
iodide  was  investigated  in  the  same  direction  with  the  following 
results : 

Loops  of  intestine  of  equal  length  were  ligated  off  as  a  prelim- 
inary step.  Then  each  loop  was  injected  with  a  1  per  cent  solu- 
tion of  sodium  iodide,  left  intact  for  ten  minutes  and  excised  before 
the  next  loop  was  injected.  In  Experiment  XLVI  duplicate 
loops  were  simultaneously  injected  but  in  all  other  respects  the 
experiment  was  carried  out  as  in  III,  VII  and  XII  where  only 
single  loops  were  used.  The  results  obtained  are  indicated  in 
Table  V. 

TABLE  V 

Absorption  of  sodium  iodide  from  successive  loops.  The  columns  headed  A  show  the 
percentage  of  Nal  absorbed  from  each  loop.  The  columns  headed  B  show  the  total 
quantity  if  Nal  in  grams  absorbed  before  the  next  loop  was  injected.  The  columns 
headed  C  show  the  mean  blood  pressure  in  millimeters,  corresponding  to  each  loop. 


EXPERIMENT 
Dog  3.5  K. 

111 

EXPERIMENT 

Cat  2.4  K. 

VII 

A 

B 

c 

A 

B 

C 

First  dose 

57.00 

53.80 
53.80 
43.00 
27.70 
30.70 

0 

0.037 

0.072 

0.107 

0.135 

0.153 

80 

82 
95 
95 

85 
85 

45.50 
10.60 
*33.33 
42.20 
21.70 
33.33 

0 

0.041 

0.046 

0.061 

0.080 

0.090 

170 

Second  dose 

60 

Third  dose 

85 

Fourth  dose 

95 

Fifth  dose 

95 

Sixth  dose 

90 

Total  Nal  absorbed, 

(grams) . . 

0.173 

0.105 
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TABLE  V— CtoNTINtTED 


EXPERIMENT   XLVI 

Cat  4.0  K.  (Duplicate  loops; 

EXPEBIMENT  XH 

Cat  3.4  K. 

A                  B         ;          C 

A 

B 

C 

First  dose 

40.06 
38.07 
35.38 
36.00 

0                 140 
0.0415        150 
0  0809  '      i4n 

48.57 
48.57 
31.42 
27.14 
14.28 

0 

0.034 

0.068 

0.090 

0.109 

Second  dose 

160 

Third  dose     

Fourth  dose 

0.1179 

130 

Fifth  dose 

90 

Sixth  dose 

Total  Nal  absorbed,  (grains) . . 

0.1553 

1 

0.119 

In  Experiment  III  a  decline  of  absorption  began  after  the  third  dose 
(that  is,  in  half  an  hour),  the  blood  pressure  running  steadily. 

In  Experiment  VII,  there  was  a  sharp  decline  for  the  second  dose,  but 
this  is  accounted  for  by  the  large  fall  of  blood  pressure,  as  will  be  shown 
later.  Subsequently,  the  level  of  absorption  and  blood  pressure  recover 
partly,  but  incompletely. 

In  Experiment  XLVI,  the  absorption  is  but  little  impaired  to  the  fourth 
dose,  the  blood  pressure  remaining  constant. 

In  Experiment  XII,  there  is  a  sharp  decline  after  the  second  dose,  the 
decline  increasing  to  the  fifth  dose,  but  there  is  also  a  fall  of  blood  pres- 
sure which  may  account  for  the  decline,  at  least  in  part. 

It  appears,  therefore,  that  the  administration  of  iodide  into 
successive  loops  shows  diminished  absorption  when  there  is  a 
marked  fall  of  blood  pressure.  This  fall,  however,  is  not  con- 
stant, and  is  not  due  to  the  iodide,  as  will  be  shown  later,  but  to 
the  handhng  of  the  intestine. 

When  the  blood  pressure  remains  constant,  the  absorption  does 
not  decline  until  after  three  or  more  doses  have  been  given,  and 
even  then  the  dechne  is  relatively  small  and  within  the  ordinary 
variations. 

Conclttsion:  The  checking  of  its  own  absorption,  which  is 
manifested  in  the  loop  in  which  the  iodide  is  placed,  does  not 
extend  to  other  loops;  these  absorb  as  if  no  iodide  had  been  given. 

Phenol  (VIII)  gave  different  results  in  this  connection,  the  ab- 
sorption being  checked  quite  early,  even  without  direct  contact. 
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This  suggests  that  the  early  retardation  of  iodide  absorption 
cannot  be  a  systemic  phenomenon,  but  must  be  due  to  the  local 
contact  of  the  iodide  with  the  mucosa. 

7.  Stoppage  of  absorption  is  not  due  to  the  systemic  action  of 

sodium  iodide 

To  learn  definitely  whether  any  systemic  action  is  concerned 
in  the  retarded  absorption,  I  studied  the  influence  of  an  intra- 
venous injection  of  iodide  on  the  intestinal  absorption. 

In  Experiment  XXXII  (dog)  two  loops,  A  and  A  A,  acting  as  controls 
were  injected  with  0.01  gram  per  kilo  of  sodium  iodide  (as  1  per  cent 
solution)  and  .excised  in  ten  minutes.  Next,  0.08  gram  per  kilo  of 
sodium  iodide  as  1  per  cent  solution  was  injected  intravenously  and  five 
minutes  afterwards  two  loops,  B  and  BB,  were  injected  each  with  0.01 
gram  per  kilo  of  sodium  iodide  (1  per  cent)  and  excised  in  tsn  minutes. 
Loops  A  and  AA  absorbed  an  average  of  35.05  per  cert  and  loops  B 
and  BB  an  average  of  38.82  per  cent. 

An  increase  of  3.77  per  cent  over  that  of  the  control  loops  was 
obtained,  therefore,  in  loops  after  the  intravenous  injection  of 
sodium  iodide  when  a  systemic  action  might  be  expected.  Hence, 
neither  the  presence  of  a  large  quantity  of  iodide  in  the  blood,  nor 
the  systemic  action  of  the  iodide  hinders  absorption. 

The  dose  here  injected  (0.08  gram  per  kilo)  is  considerably 
greater  than  the  amount  absorbed  in  the  ordinary  experiments. 
Thus,  in  the  four  experiments  quoted  in  Table  IV  the  amount 
absorbed  in  ten  minutes  (when  absorption  was  practically  arrested 
was:  0.0147,  0.0082,  0.0221,  and  0.0181  gram  per  kilo;  at  most  a 
fourth  of  that  introduced  intravenously. 

The  conclusion  that  the  arrest  of  absorption  is  not  due  to  the 
absorbed  iodide  is  confirmed  in  the  animals  in  which  the  absorption 
from  successive  loops  was  measured  (see  Table  V) . 

In  Experiment  III,  the  absorption  was  not  materially  reduced  until 
after  the  fourth  dose,  the  absolute  amount  absorbed  to  this  time  being 
0.03  gram  per  kilo.  In  Experiment  XL VI,  there  was  no  material  reduc- 
tion with  the  fourth  dose,  although  the  absolute  amount  absorbed  was 
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0.04  gram  per  kilo  or  three  to  four  times  greater  than  the  quantity  which 
is  absorbed  when  the  local  absorption  is  checked. 

Conclusion:  The  absorption  of  iodide  is  not  hindered  by  the 
presence  of  iodide  in  the  circulation;  the  retardation  is  therefore 
not  due  to  the  absorbed  iodide;  it  is  not  due  to  a  systemic  action, 
but  is  strictly  local. 

These  results  are  quite  different  from  those  obtained  with 
phenol  (X).  With  the  latter  it  was  found  that  the  interference 
is  proportional  to  the  amount  of  absorbed  phenol.  This  is  a 
definite  indication  that  the  mechanism  is  different  for  the  two 
substances. 

8.  Excretion  of  iodide  into  the  alimentary  canal 

We  may  next  consider  the  possibility  that  the  arrest  of  absorp- 
tion might  be  only  apparent,  namely,  that  the  iodide  might  be 
re-excreted  into  the  ahmentary  tract  and  that  this  re-excretion 
might  just  balance  the  absorption.  This  could  be  decided  by 
investigating  the  iodide  excretion  into  empty  intestinal  loops. 
Two  observations  were  made. 

Dog.  XXXVII  received  a  total  of  1.2533  grams  of  sodium  iodide  into 
various  loops  of  intestine.  At  the  end  of  half  an  hour  0.7715  gram  had 
been  absorbed.  At  this  time,  the  stomach  and  duodenum,  into  which 
no  iodide  had  been  injected,  yielded  0.0072  gram  of  iodide,  so  that  0.93 
per  cent  of  the  absorbed  iodide  had  been  excreted  into  the  stomach  and 
duodenum. 

Dog  XXXII  received 

Gram  Nal 

At  10 :52  intravenously 1 .  2175 

From  10:39  to  10:49  absorbed  from  intestine 0.1067 

From  11 :04  to  11 :14  absorbed  from  intestine 0. 1182 

Total 1.4424 

At  11:22,  half  an  hour  after  the  intravenous  injection,  two  loops  of 
intestine,  which  had  not  been  injected  with  iodide,  yielded  0.0067  gram 
of  iodide,  or  about  0.5  per  cent  of  the  quantity  injected.  At  11 :52,  one 
hour  after  the  injection  the  stomach  yielded  0.0269  gram  of  iodide  or 
about  2  per  cent  of  the  quantity  injected. 
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Conclusion:  The  gastro-intestinal  canal  excretes  a  pmall  quan- 
tity of  the  iodide;  but  the  amounts  so  excreted  are  very  much 
smaller  than  those  which  remain  in  the  intestine  when  absorption 
is  practically  arrested. 

For  instance  in  Dog  XXXVII,  the  unabsorbed  iodide  amounted  to 
0.4818  gram,  the  excreted  iodide  only  to  0.0072  gram.  The  results  are 
even  more  convincing  in  Experiment  XXXII.  In  this,  the  excretion 
into  two  loops  of  intestine  during  half  an  hour  (from  10:52  to  11:22) 
after  the  intravenous  injection,  was  0.0030  and  0.0037  gram.  At  11 :04, 
two  similar  loops  received  each  0.1522  gram.  Ten  minutes  later,  there 
was  unabsorbed,  in  one,  0.0818  gram,  in  the  other  0.1044  gram.  The 
excretion  could  not  have  been  greater  than  in  the  empty  loops,  so  that 
re-excretion  would  account  for  at  most  4  per  cent  of  the  unabsorbed 
iodide.  Re-excretion  therefore,  cannot  be  responsible  for  the  arrest 
of  absorption. 

This  conclusion  agrees  with  that  for  phenol  (V). 

9.   The  influence  of  the  systemic  hlood  pressure  on  the  absorption 

The  arrest  of  absorption  might  conceivably  be  due  to  changes 
of  the  circulation,  either  of  the  general  blood  pressure,  or  confined 
to  the  intestinal  vessels.  It  is  impossible  a  priori  that  the  general 
circulation  should  have  an  important  share,  for  it  has  been  shown 
that  arrest  of  absorption  depends  upon  the  local  contact  with 
the  iodide.  However,  it  seemed  worth  while  to  confirm  this 
directly  by  comparing  the  absorption  with  the  blood  pressure, 
and  to  determine  what,  if  any,  changes  accidental  variation  of 
pressure  produced  in  the  absorption. 

The  carotid  blood  pressure  was  recorded  in  all  the  experiments, 
and  the  relation  of  this  to  the  absorption  has  been  tabulated  in 
the  same  manner  as  in  our  phenol  paper  (pp.  426-430).  Tables 
were  prepared  to  show  the  pressures  just  before  injection;  the 
average  pressure  during  the  first  ten  minutes,  and  the  pressure 
at  the  end  of  ten  minutes  after  the  injection  of  iodide  respec- 
tively. All  the  experiments  ran  over  ten  minutes  (the  time 
when  absorption  is  practically  completed)  and  included  only 
loops  which  were  not  subjected  to  experimental  conditions  other 
than  the  injection  of  iodide. 
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The  absorption  was  found  to  be  practically  constant  (53.6  to 
65.7  per  cent)  for  blood  pressures  ranging  between  65  and  160 
nun.  In  the  one  experiment  with  a  ''shock"  pressure  of  35  mm. 
the  absorption  was  greatly  lessened,  giving  a  value  of  only  30.5 
per  cent.  In  the  three  experiments  with  pressures  between  170 
and  190  mm.  the  absorption  was  uniformly  somewhat  below  the 
average  (31.52  per  cent  and  48.50  per  cent  respectively).  This 
relatively  small  diminution  may  be  due  to  the  strong  vaso-con- 
striction  which  must  have  existed  in  these  experiments. 

Since  absorption  is  practically  completed  in  ten  minutes,  it  is 
interesting  to  compare  the  results  with  those  obtained  after 
thirty  minutes.  This  may  be  seen  from  Table  VI.  This  includes 
only  untreated  loops. 

TABLE  VI 

Absorption  according  to  the  blood  pressure  at  the  end  of  thirty  minutes  after 

injection 


BLOOD  PBE8S1TBE 


AYEBAGE  FEB  CENT   NaI 
ABSOBBED 


NT7MBEB  OF   ANIMALS 


30-40 

60-100 

110-150 


35.76 
49.47 
56.30 


3 
14 
10 


165-180  60.94  !  2 

_ — — ~ *- 

In  these,  there  is  some  improvement  in  absorption  with  ascend- 
ing pressures  between  60  and  150  mm.  but  the  difference  is  not 
very  great  and  falls  almost  within  the  ordinary  variations. 

The  relation  of  blood  pressure  to  absorption  is  well  shown  in 
the  experiments  with  successive  doses  (Table  V)  and  these  lead 
to  the  same  conclusions: 

The  absorption  was  not  oiaterially  changed  by  variations  of  blood 
pressure  between  80  and  95  mm.  in  Experiment  III  or  130  and  150  mm. 
in  Experiment  XL VI.  In  Experiment  VII,  however,  a  drop  of  pressure 
from  170  to  60  mm.  diminished  absorption  from  45.5  to  10.6  per  cent. 
As  the  pressure  recovered  to  85  mm.  the  absorption  also  improved  to 
33.3  per  cent.  In  Experiment  XII  a  gradual  fall  of  pressure  from  160 
mm.  to  90  mm.  lowered  the  absorption  from  48.6  to  14.3  per  cent. 
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Conclusions:  Taking  the  absorption  at  the  level  of  110  to  150 
mm.  as  the  normal,  there  is  a  slight  and  somewhat  doubtful 
diminution  at  pressures  between  60  and  100  mm.  and  a  consider- 
able diminution  with  very  low  blood  pressure  (35  mm.),  even  at 
this  level  however,  the  absorption  may  be  fairly  efficient  (30  per 
cent).  There  also  appears  to  be  slightly  diminished  absorption 
with  excessively  high  pressures. 

These  results  are  nearly  the  same  as  with  phenol  (XII),  except 
that  low  pressure  appeared  to  interfere  even  more  with  phenol. 
Since  phenol  itself  may  lower  blood  pressure  to  the  shock-level, 
this  constituted  one  factor  in  the  stoppage  of  absorption  by  this 
drug.  Sodium  iodide  by  the  intestine,  however,  does  not  lower 
the  blood  pressure;  and  therefore  the  blood  pressure  is  not  a  fac- 
tor in  explaining  the  arrested  absorption  with  this  drug. 

This  is  seen  very  plainly  in  the  experiments  on  "time  of  sojourn," 
Table  IV.  In  Experiment  II,  absorption  was  completely  arrested  in 
half  an  hour,  but  the  blood  pressure  continued  between  80  and  75  mm. 
for  two  hours.  In  Experiment  IV,  absorption  was  arrested  in  ten  min- 
utes; blood  pressure  had  fallen  from  195  to  180  mm.  In  Experiment 
XIV,  the  absorption  was  temporarily  arrested  in  ten  minutes  with  pres- 
sure unchanged  at  120  mm.  In  Experiment  XVI,  absorption  was  tem- 
porarily arrested  in  ten  minutes;  pressure  unchanged  at  140  mm. 

10.   The  influence  of  local  vasomotor  drugs  on  the  absorption 

During  life  the  cardiovascular  mechanism  doubtless  plays  the 
most  important  part  in  the  absorption  and  distribution  of  most 
substances  which  come  within  reach  of  it.  If  this  mechanism 
is  deranged  or  altered  in  any  way,  especially  in  the  absorbing  area, 
it  would  be  tempting  to  explain  the  variation  on  this  basis.  It 
has  been  frequently  emphasized,  however,  that  the  condition 
of  the  general  blood  pressure  cannot  give  any  adequate  idea  of 
circulatory  changes  in  a  given  organ.  It  was,  therefore,  necessary 
to  test  the  matter  by  the  direct  application  of  various  agents  into 
the  lumina  of  duplicate  loops  of  intestine.  After  a  sojourn  of 
ten  minutes,  ordinarily,  the  iodide  was  injected  and  allowed  to 
remain  with  the  drug  for  half  an  hour  using  duplicate  loops  as 
controls.  Sodium  nitrite  and  calcium  chloride  were  removed  by 
washing  before  the  iodide  was  injected. 
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Before  entering  upon  the  discussion  of  the  data,  something  must 
be  said  as  to  the  visible  response  of  the  intestine  towards  the 
various  measures  used.  Only  gross  differences  were  ascertained 
by  direct  inspection.  Ice  blanched  the  loops  and  lowered  the 
local  temperature.  The  tearing  of  mesenteric  nerves  brought 
about  no  visible  difference  from  normal  and  the  same  can  be  said 
of  epinephrin,  strophanthus,  chloral,  calcium  chloride  and  digi- 
talis. After  croton  oil  and  mustard  the  intestine  contained  large 
quantities  of  serum.  Formaldehyde  blanched  and  intensely 
hardened  the  loops.  Sodium  nitrite  gave  the  mucosa  and  the 
serosa  each  a  brown  aspect  owing  to  the  formation  of  methemo- 
globin  which  was  also  indicated  elsewhere  throughout  the  animal's 
body.  This  lasted  throughout  the  experiment,  but  the  blood 
pressure  was  maintained  at  a  high  level.  Pinching  the  loops 
produced  a  bright  red  color,  i.e.,  marked  hyperemia. 

The  results  of  these  experiments  are  presented  in  Table  VII. 
All  other  influences  such  as  shock  and  low  blood  pressure  have 
been  excluded. 


TABLE  VII 
Effect  oj  local  vasomotor  changes  on  the  absorption  of  sodium  iodide 


LOCAIi  TREATMENT 


Group  I 

Croton  oil 

Intestine  pinched 

Spirits  of  mustard 

Formaldehyde  40  per  cent. . . 

Ice  to  peritoneal  surface  of 

loop 

Group  II 

Sodium  nitrite 

Calciimi  chloride 

Chloral  10  per  cent 

Mesenteric  nerves  of  loop  torn 

Tincture  digitalis 

Tincture  strophanthus 

Epinephrin  1  to  1000 


ATEBAOE  PER  CENT  SODITTM 

IODIDE  ABSORBED  FROM 

DUPLICATE  LOOPS 


Treated 
Iooi» 


Untreated 
loops 


9.64 
74.10 
59.14 
20.39 

59.69 

57.62 
68.05 
60.46 
63.33 
69.07 
58.97 
60.25 


52.  o5 
61.89 
52.55 
34.00 

69.38 

75.57 
75.57 
61.33 
55.29 
61.89 
52.55 
55.27 


DIFFEREXCE  IN- 
AVERAGE  PER 
CENTBETWEEX 
THE  TWO  LOOPS 
+ INCREASED 
—  DECREASED    . 


+  17.09 
+12.21 
+  7.09 
-13  61 

-  9.69 

-17.95 

-  7.52 

-  0.87 
+  8.04 
+  7.18 
+  6.42 
+  4.96 


NUMBER  OP 
LOOPS 

absorption 
hindered: 
improved 


0:4 
0:2 
1:3 
4.-0 

2:0 

4K) 
2:2 
2:2 
3:3 
0:2 
1:3 
2:4 
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The  quantitative  results  as  shown  in  Table  VII  appear  some 
what  involved.  I  have  arranged  them  in  two  groups  to  facilitate 
comparison.  The  first  group  consists  of  those  measures  which 
produced  a  visible  reaction  on  the  intestine  and  are  arranged  in 
order  of  greatest  efficiency  in  promoting  or  inhibiting  absorption. 
The  second  group  contains  those  measures  which  did  not  alter 
the  intestine  visibly  and  are  also  arranged  in  order  of  greatest 
efficiency  as  promoting  or  inhibiting  absorption. 

Turning  to  the  measures  which  produced  a  visible  reaction 
(Group  I)  it  will  be  seen  that  in  this  series  all  the  measures  which 
produced  hyperemia  also  increased  the  absorption,  the  two  phe- 
nomena tending  to  go  parallel,  i.e.,  both  the  hyperemia  and  absorp- 
tion were  greatest  with  croton  oil,  least  with  mustard;  pinching 
being  intermediate.  Whether  this  parallelism  is  a  mere  coinci- 
dence or  whether  the  increased  absorption  can  be  attributed  to 
the  hyperemia  is  difficult  to  say. 

The  results  obtained  on  normal  animals  by  different  investigators 
are  rather  contradictory,  but  it  is  doubtful  whether  they  were  working 
with  simple  hyperemia.  This  has  been  notably  observed  for  quassiin 
by  BrandP  and  Rieder.''  Brandl  working  with  fistula  dogs  found  that 
quassiin  inhibited  the  absorption  of  sugar  and  peptone  entirely  and  that 
it  reduced  the  absorption  of  sodium  iodide  from  10  per  cent  to  4.3  per 
cent.  Rieder  observed  in  man  a  tendency  to  diminished  excretion  of 
potassium  iodide  after  quassiin,  also  a  prolonged  excretion  of  salicylic 
acid  after  taking  phenyl  salicylate  and  in  dogs  it  delayed  the  appear- 
ance of  strychnine  convulsions.  These  phenomena  were  attributed  by 
Rieder  to  a  diminished  absorption.  Other  forms  of  hyperemia  such  as 
that  resulting  from  the  application  of  hot  air  to  the  skin  produced  an 
increased  absorption  of  lactose  in  frogs  and  man  according  to  Klapp.^" 

On  the  other  hand,  Jodlbauer"  working  with  a  Vella  fistula  in  the 
small  intestine  of  dogs  noted  no  change  in  absorption  of  1  per  cent  glu- 
cose and  sodium  chloride  not  only  after  quassiin,  but  also  after  hops,* 
absinthin,  quinine  sulphate  and  oil  of-  mustard  when  the  drug  was  intro- 
duced with  the  glucose  or  sodium  chloride.     But,  if  the  measure  was 

8  Brandl :  Z.  f .  Biologic,  1892,  xxix,  p.  277. 

'Rieder:  Arch.  f.  exp.  Path.  u.  Pharm.,  1910,  Ixiii,  p.  305. 

lORlapp:  Arch.  f.  exp.  Path.  u.  Pharm.,  1902,  xlvii,  p.  86. 

"  Jodlbauer:  Arch,  intern,  de  pharmacodynamie,  1902,  x,  p.  201. 
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given  one  hour  previously,  there  was  an  increase  in  absorption.  Brandl 
states  that  the  quassiin  rendered  the  intestine  hyperemic,  but  he  does 
not  state  whether  the  hyperemia  was  greater  than  that  produced  by  the 
iodide  alone.  In  any  case,  the  action  of  quassiin  is  probably  not  that 
of  a  simple  hyperemia  so  that  the  results  may  have  no  direct  bearing 
on  the  present  problem.  It  must  also  be  remembered  that  absorption 
from  the  intact  alimentary  tract  is  more  complex  and  involves  more 
unknown  factors  than  absorption  from  a  ligated  loop  of  intestine. 

The  remaining  measures  of  Group  I,  that  is,  formaldehyde 
and  ice  each  produced  a  marked  reaction.  Formaldehyde  is  also  a 
necrotic.  This  will  be  referred  to  in  the  next  section.  In  both 
instances  absorption  was  inhibited.  The  results  with  ice  seemed 
to  support  the  old  conclusions^  that  cold  hinders  absorption. 

In  the  group  of  measures  which  produced  no  visible  reaction 
the  results  are  less  satisfactory.  For  instance,  the  results  after 
digitahs  and  strophanthus  are  entirely  unexplainable  on  the  basis 
of  a  vaso-constriction.  In  each  case  there  was  increased  absorp- 
tion when  the  contrary  would  have  been  expected.  Perhaps 
these  two  agents  acted  as  irritants  with  the  production  of  a  hyper- 
emia and  in  this  way  were  responsible  for  the  increased  absorp- 
tion. The  action  of  epinephrin  is  brief  and,  in  fact,  a  local  vaso- 
constriction may  be  followed  by  a  vaso-dilatation.  At  any  rate, 
the  results  obtained  cannot  speak  for  vaso-constriction.  Results 
with  chloral,  calcium  chloride,  and  .tearing  of  nerves  were  entirely 
unsatisfactory  if  judged  by  the  response  of  the  loops  although  the 
tendency  of  the  average  percentage  of  absorption  appeared  to  be 
somewhat  lessened  for  calcium  chloride  and  increased  for  tearing 
of  nerves,  but  remained  unchanged  for  chloral.  Just  what  hap- 
pened after  sodium  nitrite  is  also  difficult  to  conjecture.  If  the 
local  mass  movement  of  blood  was  increased,  an  increase  in  absorp- 
tion would  have  been  expected.  The  action  of  sodium  nitrite 
is  again  comparatively  brief,  but  for  the  ordinary  expected  action 
the  results  are  conflicting. 

In  one  experiment  (XLVII),  in  which  all  other  conditions  were 

1*  Claude  Bernard,  cit.  Kossa:  Arch.  f.  exp.  Path.  u.  Pharm.,  1895,  xxxvi,  p.  120; 
Brunton  and  Cash,  cit.  Lauder  Brunton;  Pharmacology,  Materia  Medica  and 
Therapeutics,  London,  1885;  Kossa,  loc.  cit.;  Klapp,  loc.  cit. 
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constant  and  normal  the  iodide  was  introduced  into  loops  of 
equal  length  together  with  the  drugs,  using  one  untreated  loop 
as  a  control.  After  a  sojourn  of  half  an  hour,  the  loops  were 
excised  and  the  absorption  determined.  In  this  way  the  action 
of  the  vasomotor  agent  would  certainly  occur  during  the  absorp- 
tion of  the  iodide. 

The  results  obtained  were  as  follows  (figures  after  each  drug 
indicating  the  percentage  of  absorption) : 

Control— 34:m  per  cent.  Doubtful  Effect— Bigitalis,  33.33; 
sodium  nitrite,  33.33 ;  epinephrin,  29.78.  Diminished  absorption — 
Caffein,  25.96;  calcium  chloride,  25.96;  strophanthus,  22.40. 

Conclusion:  Visible  hyperemia  increases  and  visible  anemia 
diminishes,  the  absorption  of  iodide,  but  when  drugs  with  a  sup- 
posed vasomotor  action  did  not  produce  a  visible  reaction,  then 
the  absorption  was  unchanged. 

On  the  other  hand,  injury  to  the  epithelium  retards  absorption 
markedly : 

11.  Absorption  is  diminished  by  necrotic  changes  in  the  intestinal 

mucosa 

This  was  tested  by  the  application  of  various  corrosives,  coagu- 
lants and  protoplasmic  poisons  to  the  mucosa  of  duplicate  ligated 
loops  of  intestine.  After  the  poison  had  been  left  in  the  loop  ten 
minutes,  the  intestine  was  washed  with  0.9  per  cent  sodium  chlor- 
ide. The  iodide  was  then  injected  and  left  for  half  an  hour  when 
its  absorption  was  compared  with  that  from  duplicate  control  loops 
in  the  same  animal.  In  Table  VIII,  which  contains  the  results 
of  these  experiments,  all  other  influences  such  as  shock  and  low 
blood  pressure  have  been  excluded. 

An  inspection  of  Table  VIII  shows  at  once  that  the  absorption 
of  sodium  iodide  was  diminished  after  each  local  treatment  insti- 
tuted. The  degree  of  visible  reaction,  as  well  as  the  average  per- 
centage of  absorption,  varied  with  the  various  drugs.  The  first 
six  measures  of  the  table  which  produced  marked  visible  reactions 
all  diminished  the  absorption  considerably,  the  difference  ranging 
from  28.72  per  cent  to  8.88  per  cent.     The  inhibitory  effect  of 
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TABLE  VIII 
Effect  of  necrotic  changes  on  the  absorption  of  sodium  iodide 


LOCAL  TBBATMSNT 

AVERAGE  PER  CENT  SODIUM 

IODIDE  ABSORBED  FROM 

DUPLICATE  LOOPS 

DIFFEREXCE  IN 
AVERAGE  PER 
CENT  BETWEEN 

TWO  LOOPS 
+  INCREASED 
—  DECREASED 

NUMBER   OF 

LOOPS 
ABSORPTION 

Treated              Untreated 
loops                    loops 

IMPROVED 

Formaldehyde,  40  per  cent. . 
Sodium    hydroxide    20    per 

cent 

Sulphuric  acid,  50  per  cent.. 
Mercuric  chloride   1  to  1000. 

Barium  chloride,  1  to  100 

Phenol  (concentrated) 

Crushing  of  loop 

20.39 

30.11 
45.17 
53.35 
62.45 
71.55 
50.77 
20.40 

27.39 

34.00 

58.83 
58.83 
73.26 
73.26 
80.43 
60.77 

-13.61 

-28.72  ' 
-13.66 
-19.91 
-10.81 

-  8.88 
-10.00 

4:0 

4:0 
2:2 
2:0 
2:0 
2:0 
2:0 

Alcohol,  95  per  cent 

Chloroform,  10  per  cent  in  95 
per  cent  alcohol 

34.00           -13.60 

i 

37.45       i     -10.06 

4:0 
2:0 

Chloroform,  100  per  cent  — 
Sodiiun   Fluoride,  1  per  cent 

56.39 
47.60 

63.39 
73.15 

-  7.00 
-25.55 

1:1 
2:0 

phenol  confirmed  our  former  observation. i'  Crushing  of  the 
loops  by  compression  between  the  prongs  of  a  pair  of  forceps 
produced  multiple  punctate  hemorrhages  on  the  serous  and  mu- 
cous surfaces  with  desquamation  of  the  epithehum  of  the  mucosa 
and  oozing  of  serum.  In  other  words  it  injured  very  severely 
the  absorbing  surface  of  the  intestine.  The  results  show  an 
impairment  in  the  function  of  absorption  for  sodium  iodide. 
Alcohol  and  chloroform  produced  no  marked  visible  reaction. 
After  alcohol  the  intestine  seemed  warmer  to  the  touch  than  the 
control.  In  both  instances  absorption  was  diminished.  As  far 
as  alcohol  is  concerned  my  observations  are  not  in  accord  with 
those  of  BrandU^  on  fistula  dogs.  This  investigator  found 
alcohol  to  increase  the  absorption,  of  sodium  iodide,  sugar  and 
chloral  five  fold.  Brandl's  alcohol  was  a  20  per  cent  solution 
while  that  used  by  me  was  95  per  cent  and  the  experiments  in 
each  case  were  conducted  somewhat  differently.  Chloroform 
in  alcohol  seemed  iio  inhibit  absorption  better  than  chloroform 


"  SoUmann,  Hanzlik  and  Pilcher:  loc.  cit. 
"Brandl,  J.:  loc.  cit. 
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alone,  namely  by  10.06  per  cent  for  the  former  against  7.00  per 
cent  for  the  latter.  Sodium  fluoride  was  chosen  as  a  direct  proto- 
plasmic poison.  No  gross  effect  was  visible  but  absorption  was 
diminished  by  25.55  per  cent — a  very  pronounced  inhibition. 

As  judged  from  the  average  percentage  of  absorption,  and  the 
number  of  loops  involved  the  various  agents  arrange  themselves 
in  order  of  greatest  efficiency  in  diminishing  absorption  as  follows 
— sodium  hydroxide,  sodium  fluoride,  mercuric  chloride,  formalde- 
hyde, alcohol,  barium  chloride,  chloroform  in  alcohol,  crushing 
the  loop  and  phenol.  Sulphuric  acid  and  chloroform  occupy  an 
indefinite  position. 

Conclusion:  Injury  of  the  intestinal  epithelium  however  pro- 
duced, hinders  the  absorption  of  sodium  iodide. 

This  result  differs  from  that  obtained  with  phenol  (VII  c,  d, 
and  e)  of  which  the  absorption  was  not  retarded  by  formaldehyde 
and  fluoride,  although  alcohol  and  phenol  itself  had  a  retarding 
effect.  This  again  speaks  for  the  importance  of  the  epithelium 
in  the  absorption  of  iodide. 

12.   The  specific  local  effect  of  halogens  on  the  absorption  of  iodide 

The  experiments  so  far  described  have  shown  that  the  inhibi- 
tion of  the  absorption  of  iodide  is  not  due  to  a  systemic  action,  but 
is  a  local  effect.  They  have  further  shown  that  the  absorption 
is  not  influenced  by  such  moderate  changes  in  the  intestinal  cir- 
culation as  the  iodide  might  be  supposed  to  produce;  but  that  the 
absorption  is  hindered  materially  by  chemical  changes  in  the 
absorbing  epithelium.  This  suggests  that  the  mechanism  by 
which  iodide  inhibits  its  own  absorption  might  be  something 
similar;  that  the  iodide  might  also  produce  some  chemical  change 
in  the  absorbing  epithelium,  perhaps  by  "saturating"  an  affinity 
of  the  epithelium  for  free  halogen  ions,  which  might  be  an  essen- 
tial condition  for  absorption.  To  test  this  working  hypothesis, 
experiments  were  made  on  living  and  excised  intestine.  The 
results  on  the  intact  animal  conform  to  this  view.  Those  on  the 
excised  intestine  were  negative;  but  since  they  present  some  inter- 
esting features  of  their  own,  they  may  be  discussed  here  and  thus 
disposed  of. 
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13.     The  excised  intestine  is  slowly  permeable  to  sodium  iodide 

The  suggested  hypothesis  of  a  diminished  local  permeability 
due  to  an  increased  concentration  of  sodium  iodide  in  the  intes- 
tinal wall  was  first  tested  by  studying  the  rate  of  diffusion  of  so- 
dium iodide,  inclosed  in  a  loop  of  excised  intestine,  which  was 
suspended  in  Locke's  solution.  According  to  the  hypothesis,  it 
was  supposed  that  the  rate  of  diffusion  would  become  progres- 
sively slower,  as  the  intestinal  mucosa  becomes  "saturated"  with 
the  iodide. 

A  recently  excised  loop  of  intestine  of  about  15  cm.,  length  was 
filled  with  a  1  per  cent  solution  of  sodium  iodide  in  water  and  im- 
mersed in  a  beaker  containing  200  cc.  of  Locke's  solution  (with- 
out glucose)  kept  at  37°  C.  Both  ends  of  the  loops  were  closed 
conveniently  by  tjdng  the  stems  of  separating  funnels  into  the 
open  ends.  The  stopcocks  could  then  be  closed  or  opened  at 
will  and  more  iodide  introduced  without  handhng  the  loop.  At 
the  beginning  of  each  period,  the  iodide  solution  in  the  loop  was 
thus  replaced  with  fresh  iodide  solution  by  manipulating  the  sepa- 
rating funnel.  A  fresh  beaker  of  Locke's  solution  was  substituted 
and  the  iodide  which  had  diffused  into  the  first  Locke's  solution 
was  estimated.    This  was  repeated  for  several  periods  (five). 

The  periods  were  at  first  spaced  at  five,  then  at  fifteen  minutes; 
but  even  this  was  too  short,  the  quantity  of  perfused  iodide  being 
too  small  for  quantitative  estimation.  One  hour  periods  gave 
satisfactory  results.  In  three  such  experiments,  the  rate  of  diffu- 
sion increased  instead  of  diminishing  as  was  expected.  This  was 
shown  graphically  in  Figures  II  and  III  which  were  constructed 
from  the  results  of  Experiments  XXXVII,  XXXIX  and  XLI. 

This  result,  although  unexpected,  does  not  disprove  the  hypoth- 
esis for  the  living  animals;  for  the  conditions  may  differ  in  the 
two  cases  in  several  important  respects.  For  one  thing,  and  per- 
haps the  most  important,  the  diffusion  through  the  excised  intes- 
tine involves  all  of  its  coats  and  not  only  the  epithehum  as  in  life. 
Moreover,  the  epithehum  itself  may  functionate  somewhat  differ- 
ent in  the  excised  intestine. 

In  connection  with  the  study  of  the  behavior  of  the  excised 
intestine,  Dr.  Sollmann  called  my  attention  to  a  statement  of 
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Fig.  II.    The  Permeability  of  Sodium  Iodide  Through  the  Excised  Intes- 
tine AND  THE  Effect  of  Sodium  Salicylate  on  the  Permeability 

The  solid  lines  represent  1  per  cent  sodium  iodide;  and  the  broken  lines  1  per 
cent  sodium  salicylate  containing  1  per  cent  of  sodium  iodide.  The  two  lower 
curves  denote  periods  of  half  an  hour  duration;  the  two  upper  curves  of  one  hour 
duration. 
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Fig,  III.    The  Effect  of  Various  Substances  on  the  Permeability  of  Sodium 
Iodide  Through  the  Excised  Intestine 

The  solid  line  represents  1  per  cent  sodium  iodide  alone.  The  broken  lines 
represent  the  various  substances  containing  1  per  cent  of  sodium  iodide  as  follows; 
salicylic  acid  0.3  per  cent;  benzoic  acid  (saturated  solution);  phenol  1  per  cent, 
magnesium  sulphate  5  per  cent.     All  the  periods  are  of  one  hour  duration. 
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Oswald's  concerning  the  permeability  of  colloids. ^^  Oswald 
states  that  salicylic  acid  increases  the  diffusion  of  electrolytes 
through  colloids  and  suggests  that  electrolytes  might  do  likewise. 
It  seemed  interesting  to  try  this  with  excised  intestine.  This 
was  done  in  the  following  manner.  A  solution  of  1  per  cent 
sodium  iodide  was  made  in  aqueous  solutions  of  the  following  sub- 
stances; phenol  1  per  cent,  salicylic  acid  0.3  per  cent,  sodium  sali- 
cylate 2  per  cent,  benzoic  acid  (saturated  solution),  and  magne- 
sium sulphate  5  per  cent.  The  respective  solutions  were  placed 
into  separate  loops  using  a  control  loop  containing  sodium  iodide 
alone.  In  all  other  respects  the  experiments  were  conducted  as 
for  the  permeability  of  sodium  iodide  as  already  described.  The 
results  appear  in  the  form  of  curves  in  Figs.  II  and  III. 

It  is  plainly  evident  in  these  curves  that  all  of  the  substances 
used,  but  especially  salicylic  and  benzoic  acid,  increased  the  per- 
meability to  sodium  iodide.  I  am  thus  able  to  confirm  the  state- 
ment of  Oswald's  concerning  colloid  permeability  in  this  direc- 
tion.    I  have  not  sought  for  an  explanation  of  the  phenomenon. 

Conclusion:  Sodium  iodide  does  not  easily  diffuse  through  the 
excised  intestine.  The  rapidity  of  perfusion  increases  progres- 
sively, for  at  least  five  hours.  Certain  substances  such  as  sali- 
cylic acid,  sodium  salicylate,  benzoic  acid,  phenol  and  magnesium 
sulphate  increased  the  permeability. 

In  connection  with  this,  reference  may  be  made  to  certain  other 
experiments  which  also  do  not  bear  directly  on  the  solution  of 
the  point  in  question.     I  refer  to  the  following  section. 

J?  4-     (o.)  Post-mortem  absorption  of  iodide 

With  phenol  (Vllf)  post  mortem  absorption  was  considerable 
and  varied  from  2  per  cent  to  47.5  per  cent  with  an  average  of 
16  per  cent.  The  absorption  of  sodium  iodide  after  death  was 
also  considerable  but  more  constant  and  gave  higher  averages 
than  of  phenol.     In  one  animal  three  loops  of  equal  length 

"  Oswald,  A. :  Zeit.  f .  exp.  Path.  u.  Therap.,  1910,  viii,  p.  226.  In  a  private  com- 
munication, Dr.  Oswald  informs  me  that  he  can  not,  at  present,  locate  the  original 
source  of  his  information. 
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absorbed  in  a  half  hour  40.71  per  cent,  28.88  per  cent,  33.26  per 
cent  respectively,  with  an  average  of  34.28  per  cent.  In  two  other 
animals  the  absorption  from  the  stomachs  was  33.91  per  cent 
and  37.76  per  cent  respectively,  with  an  average  of  35.83  per  cent. 


(6)  The  distribution  of  the  unabsorbed  iodide  between  the  intestinal 

wall  and  contents 

In  the  case  of  phenol  (XVI)  a  considerable  amount  of  the  sub- 
stance was  found  to  be  retained  in  the  wall  of  the  intestine  dur- 
ing life.     Sodium  Iodide  was  examined  in  the  same  way. 

The  viscus  was  rinsed  and  these  washings  with  the  contents  form 
column  A.  The  wall  was  then  macerated  in  water  for  an  hour,  the  fil- 
trate forming  column  B.  The  wall  was  again  macerated  with  fresh 
water  for  further  three  hours  (C),  and  then  again  for  further  twenty 
hours  (D).  This  thoroughly  extracted  tissue  forms  the  material  for 
column  E.  The  figures  present  the  percentage  of  the  total  unabsorbed 
iodide  which  is  contained  in  each  of  the  extracts. 

The  results  recorded  in  Table  IX  show  that  the  iodide  behaved 
like  phenol. 

TABLE  IX 
Distribution  of  unabsorbed  iodide 


PEBCE>rrAGE   OF  IODIDE 
KETAINED  IK 


A 

CONTENTS 

WITH 

SLIGHT 

BIN8INQ 


MACERATE 
OF  ONE 
HOUB 


MACERATE      MACERATE       WALL  OF 
OF  THREE      OF  TWENTY        VISCUS 
HOURS  HOURS       I 


TOTAL 

IODIDE 

ABSORBED 


54b — Loop  of  intestine 

for  half  hour  during 

life I    79.02  6.90 

54c — Loop  of  intestine'  j 

for   one  hour  during 

life 36.43         13.64 


1.73     I      3.44     ;      8.76 


4.57 


9.07         36.29 


50.00 


81.17 


16.     The  local  inhibitory  effect  of  haloids  on  the  absorption  of 
iodide  from  the  intestines  of  living  animals 

In  the  preceding  sections  it  was  shown  that  the  inhibition  of 
absorption  is  a  local  e^ect  (section  6,  "successive  doses") ;  that 
it  cannot  be  explained  by  changes  in  the  general  or  local  circu- 
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lation  (sections  9  and  10);  but  that  injury  to  the  epithelium 
greatly  retarded  absorption  (section  11).  This  prompted  the 
working  hypothesis  that  the  inhibitory  action  of  iodide  might  be 
due  to  some  specific  modification,  possibly  a  saturation  of  this 
epithelium.  This  could  not  be  confirmed  in  the  excised  intestine 
and  it  was  therefore  necessary  to  modify  the  experiment  so  as  to 
make  it  applicable  to  the  living  animal. 

For  this  purpose,  I  took  advantage  of  the  well  known  similarity 
in  the  absorption,  diffusion  and  excretion  of  chlorides  and  iodides. 
If  the  working  hypothesis  were  correct,  then  the  absorption  of 
iodide  should  be  checked  by  the  application  of  sodium  chloride 
to  the  intestine.  Since  small  quantities  of  dilute  (''physiolog- 
ical") solutions  of  sodium  chloride,  placed  in  the  intestine, 
have  no  effects  on  the  general  and  local  circulation,  and  would 
not  cause  a  general  injury  of  the  epithelium,  a  positive  result 
would  also  show  that  the  retarding  action  must  be  a  highly 
specific  effect  on  the  epithelium,  in  consonance  with  our  working 
hypothesis.  Two  experimental  dispositions  were  adapted  to 
test  this  theory.  In  the  first  series,  the  duplicate  loops  were 
treated  with  1  per  cent  sodium  chloride  before  the  iodide  was 
introduced,  and  the  absorption  from  these  loops  was  compared 
with  the  absorption  from  untreated  loops.  It  was  found  that 
the  loops  which  had^  been  treated  with  1  per  cent  sodium  chloride 
absorbed  much  less  iodide — in  other  words,  the  sodium  chloride  had 
inhibited  the  iodide  absorption. 

The  experiments  were  conducted  as  follows:  Two  loops  of 
intestine  of  equal  length  were  filled  with  1  per  cent  sodium  chloride 
solution  and  allowed  to  remain  for  fifteen  minutes.  The  chloride 
was  then  removed  and  10  cc.  per  kilo  of  1  per  cent  sodium  iodide 
was  introduced.  Two  untreated  loops  acting  as  controls  were  also 
injected  with  the  same  quantity  of  iodide.  At  the  end  of  ten 
minutes  all  the  loops  were  excised  and  the  iodide  absorption  was 
determined  in  the  usual  manner.  The  following  results  were 
obtained : 
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Experiment  XLIX 

Per  cent 
Nal  abtorhed 

Untreated  loop  B 26.47 

Untreated  loop  BB 28.88 

Average 27.68 

NaCl  treated  loop  A 3.72 

NaCl  treated  loop  AA 3.72 

Average 3.72 

The  average  blood  pressure  was  comparatively,  low  and  some- 
what variable,  otherwise  the  animal  was  in  good  condition. 

Experiment  LI 

Per  cent 
Nal  absorbed 

Untreated  loop  B 44. 54 

Untreated  loop  BB 48.08 

Average 46.31 

NaCl  treated  loop  A 25.95 

NaCI  treated  loop  AA 25.95 

Average 25.95 

The  average  blood  pressure  was  high  and  constant  throughout 
the  experiment,  the  general  condition  of  the  animal  was  good. 

These  two  experiments  show  definitely  that  there  was  an  inhi- 
bition of  absorption  of  the  iodide  in  loops  which  had  been  treated 
previously  with  1  per  cent  sodium  chloride.  For  instance,  in  Ex- 
periment XLIX,  absorption  was  diminished  about  eight  times,  and 
in  Experiment  LI  about  twice,  as  compared  with  the  control  loops. 

The  inhibition  in  each  case  took  place  in  spite  of  the  difference 
in  the  systemic  blood  pressures — which  in  one  case  was  low  and 
variable  and  in  the  other  high  and  constant. 

Conclusion:  The  application  of  sodium  chloride  to  the  intes- 
tinal mucosa  causes  an  inhibition  of  the  absorption  of  sodium 
iodide. 

A  second  series  of  experiments  was  aimed  to  determine  whether 
the  simultaneous  presence  of  chloride  and  iodide  would  influence 
the  absorption.  For  this  purpose,  I  compared  the  absorption 
from  a  1  per  cent  sodium  iodide  solution  with  the  absorption  from 
a  solution  containing  equal  volumes  of  1  per  cent  sodium  iodide 
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and  of  isotonic  (0.4  per  cent)  sodium  chloride.  In  Section  4,  it 
was  shown  that  the  absorption  is  but  httle  influenced  by  concen- 
tration. The  iodide  of  the  mixed  solution  should  therefore  be 
absorbed  as  readily  as  that  of  the  undiluted  solution.  In  fact, 
however,  it  was  found  that  a  much  smaller  percentage  of  iodide 
was  absorbed  from  the  mixed  solution  so  that  the  presence  of  the 
chloride  has  interfered  with  the  absorption  of  the  iodide.  It  is 
especially  significant  that  this  result  was  produced  even  by  thiB 
very  low  concentration  (0.2  per  cent)  of  sodium  chloride,  which 
has  no  other  known  effect  on  cellular  functions  in  mammals.  We 
may  fairly  assume  that  the  chloride  has  simply  taken  the  place  of 
an  approximately  equivalent  amount  of  iodide  and  has  therefore 
inhibited  the  absorption  in  the  same  way  as  it  would  be  inhibited 
by  an  equivalent  quantity  of  iodide. 

The  experiments  were  conducted  as  follows:  In  Experiment 
XLVIII,  one  set  of  duplicate  loops  was  injected  with  1  per  cent 
sodium  iodide,  a  second  set  with  0.4  per  cent  sodium  chloride, 
a  third  set  with  a  mixture  of  0.5  per  cent  sodium  iodide  and  0.2 
per  cent  sodium  chloride  solutions.  In  each  case  10  cc.  per  kilo 
of  the  solution  or  mixture  was  used.  All  loops  were  excised  in 
ten  minutes  after  the  injections  were  completed  and  the  iodide 
absorption  was  determined  in  the  usual  manner.  A  fourth  set 
of  loops  was  excised  as  controls  in  order  to  gain  an  idea  of  their 
sodium  chloride  content  (using  the  Volhard  method).  In  Exper- 
iment LI,  the  absorption  of  sodium  iodide  from  a  set  of  duplicate 
loops  injected  with  1  per  cent  sodium  iodide  solution  was  com- 
pared with  that  of  another  set  of  duplicate  loops  which  were 
injected  with  0.5  per  cent  sodium  iodide. and  0.2  per  cent  sodium 
chloride.     The  results  were  as  follows: 


SOLUTION 

PER  CENT  SODIUM  IODIDE    ABSORBED 

LOOP 

Experiment  XLVIII 

Experiment  LI 

A 

0.5%  Na+0.2%  NaCl 
0.5%  Na+0.2%  NaCl 
1%  Nal 
1%  Nal 
0.4%  NaCl 
0.4%,  NaCl 

11.981  10.96 
9.95/  (average) 
34.791  34.03 
33.26J  (average) 
trace 
trace 

33.771  33.77 

AA 

B 

33.77/    (average) 
44.641  46.31 

BB 

C 

48.08/    (average) 

CC 
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It  was  very  probable  that  the  iodide  also  inhibits  the  absorp- 
tion of  chloride,  but  this  could  not  be  proven,  since  the  presence 
of  chloride  in  the  normal  intestine  introduced  too  great  an  experi- 
mental error. 

16.     The  effect  of  intravenous  injection  of  sodium  chloride  on  the 

absorption  of  iodide 

It  was  shown  in  the  preceding  section  that  the  absorption  of 
iodide  is  inhibited  by  the  local  contact  of  a  haloid  salt  with  the 
intestinal  surface.  It  appeared  interesting  to  learn  whether  this 
modification  in  the  absorbing  power  of  the  epithelium  could  be 
produced  otherwise  than  by  direct  local  contact,  namely  by 
increasing  or  diminishing  the  haloid  store  of  the  body  at  large. 
Intravenous  injections  were  made  to  increase  the  haloid  store 
without  local  contact.  In  Section  7,  it  was  shown  that  the  intra- 
venous injection  of  sodium  iodide  does  not  inhibit  the  absorption 
acutely.  In  this  experiment  (XXXII),  the  intravenous  injection 
preceded  the  local  application  of  the  iodide  by  only  five  minutes, 
and  this  time  might  be  too  short  for  the  passage  of  the  iodide  from 
the  blood  into  the  intestinal  epithelium,  and  for  the  saturation 
of  the  latter.  In  the  present  series,  therefore,  I  separated  the 
intravenous  injection  of  sodium  chloride  and  the  local  application 
of  iodide  by  longer  intervals  (from  one  hour  to  two  days),  and 
then  determined  the  curve  of  absorption  during  two  hours. 

The  experiments  were  conducted  as  follows :  Intravenous  injec- 
tions of  0.9  per  cent  sodium  chloride,  100  cc.  per  kilo,  were  given 
to  each  of  five  dogs. 

Dog.  LII  was  used  one  hour  after  the  injection.  His  condition  re- 
mained practically  the  same  as  before  the  injection. 

Dog  LIII  was  used  half  a  day  afterwards.  He  appeared  very  sick, 
developed  an  oedema  of  the  leg  corresponding  to  the  site  of  injection 
and  upon  opening  the  abdomen  the  intestine  appeared  water  logged, 
thick  and  unusually  large  in  diameter  and  had  a  purplish  hue,  which, 
however,  returned  to  a  normal  red  during  the  course  of  the  experiment. 
The  peritoneal  cavity  contained  considerable  fluid.  The  blood  pres- 
sure throughout  the  experiment  was  good.  This  dog  urinated  consid- 
erably about  six  hours  after  the  injection. 
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Dog  LIV  was  used  one  day  after  the  injection.  He  appeared  com- 
posed and  suffered  no  inconvenience,  developed  no  oedema  of  the  limbs, 
and  the  intestines  appeared  no  different  from  normal.  No  history  as  to 
urination  was  available.     His  blood  pressure  was  good. 

Dog  LV  was  used  one  day  after  the  injection.  He  appeared  weak 
but  was  able  to  stand  up;  intestinal  wall  was  thick  and  diameter  large; 
no  fluid  in  peritoneal  cavity;  urinated  about  1000  cc.  during  twenty-four 
hours;  blood  pressure  was  good. 

Dog  LVI  was  used  two  days  after  the  injection  He  seemed  cheerful, 
ate  some  bread  on  the  second  day  and  drank  a  little  water.  The  intes- 
tinal wall  seemed  thicker  than  usual  and  somewhat  boggy;  peritoneum 
was  normal;  blood  pressure  was  good,  but  towards  the  end  of  the  exper- 
iment, the  animal  developed  pulmonary  oedema. 

After  the  stated  intervals  the  dogs  were  anesthetized  and  the 
absorption  of  iodide  was  determined  according  to  'Hime  of  so- 
journ." That  is,  equal  quantities  of  1  per  cent  sodium  iodide 
(10  cc.  per  kilo)  were  introduced  into  duplicate  intestinal  loops 
of  equal  length  and  these  were  excised  at  successive  intervals  of 
ten  minutes,  half  hour,  one  hour  and  two  hours. 

The  results  of  the  individual  experiments  as  shown  in  Fig.  IV, 
are  fairly  similar  with  the  single  exception  of  Experiment  LIV. 
We  are  therefore  justified  in  using  the  average  curve  for  compari- 
son. 

On  comparing  the  average  curve  of  the  hyperchloric  animals 
with  the  average  curve  of  the  normal  or  chloride-poor  animals 
(Fig.  V)  it  will  be  seen  that  the  absorption  in  the  first  ten  minutes 
is  considerably  (and  fairly  constantly)  lower  in  the  salted  animals 
than  that  of  the  normal  animals.  This  might  be  interpreted  as 
an  inhibitory  effect;  but  it  may  be  only  accidental,  for  the  differ- 
ence disappears  within  half  an  hour,  and  thereafter  the  salted 
animals  appear  to  absorb  considerably  more  than  the  normal  ani  • 
mals.  We  cannot,  therefore,  "affirm  that  the  absorption  of  iodide, 
is  inhibited  by  rendering  the  tissues  at  large  rich  in  haloids.  The 
inhibition  appears  to  require  direct  local  contact  with  the  haloid. 
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Fig.  IV.    Absorption  of  Sodium  Iodide  According  to  Time  of  Sojourn  in 

Hyperchloric  Animals 
Experiment  LII — One  hour  interval  before  the  iodide  injection. 
Experiment  LIII — Half  day  interval  before  the  iodide  injection. 
Experiment  LIV — One  day  interval  before  the  iodide  injection. 
Experiment  LV — One  day  interval  before  the  iodide  injection. 
Experiment  LVI — Two  days  interval  before  the  iodide  injection. 
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Average  Curves  of  Absorption  of  Iodide  in  Normal,  Chlorine- 
poor  AND  Hyperchloric  Animals 

- Mean  curve  of  absorption  for  hyperchloric  animals  (five  dogs). 

Meancurveof  absorption  for  chloride-poor  animals  (three  dogs). 

Mean  curve  of  absorption  for  normal  animals  (four  dogs). 
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17.     The  absorption  of  iodide  in  chloride-poor  animals 

It  seemed  worth  investigating  whether  a  reduction  in  the  chlor- 
ide store  of  the  organism  would  influence  the  iodide  absorption. 
Conceivably  this  might  occur  through  a  greater  avidity  of  the 
haloid  starved  tissues,  or  through  a  lesser  preliminary  saturation 
of  the  intestinal  epithelium.  To  test  the  matter,  the  course  of 
absorption  was  studied  as  in  the  previous  section,  but  on  dogs 
which  had  been  fed  on  chloride-poor  food. 

The  experiments  were  performed  in  the  following  manner: 

Three  dogs  were  placed  on  a  chloride-poor  diet  consisting  of  water  and 
milk. "  At  first,  each  dog  was  given  500  cc.  of  milk  per  twenty-four  hours 
and  a  liberal  quantity  of  water.  Later  on,  in  about  the  middle  of  the 
period,  the  milk  was  reduced  to250cc.  and  this  was  maintained  to  the  end 
until  the  animals  were  used.  The  liberal  quantity  of  water  was  kept  up 
throughout  all  periods.  The  excretion  of  chlorides  was  observed  quali- 
tatively by  testing  the  urine  periodically  with  silver  nitrate  and  nitric 
acid.  In  the  beginning  of  the  experiments,  before  the  dogs  were  placed 
on  the  chloride-poor  diet  all  urines  exhibited  copious  quantities  of  chlor- 
ides. In  no  case  did  the  urine  become  chloride  free.  Dog  XXIX  having 
been  kept  on  the  diet  eighteen  days  lost  1.6  kilos  in  body  weight  and 
became  so  emaciated  and  weak  that  it  was  used  for  the  absorption 
experiment  at  the  end  of  this  time.  The  urine  of  this  dog  still  showed 
a  marked  trace  of  chlorides.  Dog  XXX  lost  1.0  kilo  in  weight  at  the 
end  of  twenty-five  days,  was  emaciated  and  almost  unable  to  stand  up. 
The  urine  in  this  case  still  showed  a  trace  of  chlorides.  Dog  XXXI  lost 
1.5  kilo  in  weight  in  twenty-seven  days.  He  appeared  cheerful  and  his 
general  condition  was  good.     The  urine  still  showed  a  trace  of  chlorides. 

The  chloride  excretion  was  not  observed  quantitatively  inasmuch 
as  this  would  not  have  added  materially  to  our  knowledge  concerning 
the  chloride  content  of  the  tissues.  I  contented  myself  with  placing 
the  animals  upon  the  customary  chloride-poor  diet  employed  routinely 
in  laboratories  for  this  purpose.  The  experiments  were  conducted  over 
a  much  longer  period  than  is  usually  required  to  diminish  the  chloride 
excretion  to  its  minimum.  In  two  instances,  at  least,  the  animals  were 
kept  on  the  diet  up  to  time  when  indications  of  intoxication  were  begin- 
ning to  be  manifest.  On  the  basis  of  observations  previously  made  by 
others  it  may  be  fairly  considered  that  these  dogs  were  rendered  prac- 
tically as  chloride-poor  as  was  possible. 
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The  results  are  shown  in  Fig.  VI.  They  are  practically  paral- 
lel, so  that  the  average  curves  shown  in  Fig.  V,  may  be  used  for 
comparison.  It  will  be  seen  that  the  absorption  during  the  first 
ten  minutes  agrees  quantitatively  with  that  of  the  normal  ani- 
mals and  is  considerably  greater  than  that  for  the  chloride-rich 
animals.  After  an  hour,  the  absorption  is  materially  greater  than 
in  normal  animals,  but  no  greater  than  with  chloride-rich  animals. 
The  data  are  therefore  equivocal.  The  absorption  is  good,  but 
the  difference  is  not  sufficiently  large  to  justify  conclusions.  It 
is  not  permissible  to  say  that  the  deprivation  of  chlorine  has  any 
material  effect.  This  again  confirms  the  conclusion  that  the  inhib- 
itory effect  of  haloids  is  practically  entirely  local. 
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Fig.  VI.    Absorption  op  Sodium  Iodide  by  Animals  Whose  Tissues  were  Poor 

IN  Chlorides. 


SUMMARY 

(The  numbers  correspond  to  section  numbers  in  the  text.) 

1.  The  quantitative  absorption  of  sodium  iodide  from  the  gas- 
trointestinal tract  is  practically  the  same  in  dogs  and  in  cats. 

2.  The  average  absorption  is  approximately  the  same  for  all 
divisions  of  the  small  intestine;  from  the  stomach  and  colon  it  is 
about  a  third  less. 
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3.  The  extent  of  surface  does  not  influence  the  percentage  of 
absorption. 

4.  One,  2  and  5  per  cent  solutions  of  sodium  iodide  are  ab- 
sorbed with  about  the  same  ease;  a  10  per  cent  solution  some- 
what more  readily. 

5.  The  absorption  from  the  intestine  is  at  first  very  rapid  so 
that  50  per  cent  to  75  per  cent  are  absorbed  within  ten  minutes. 
By  that  time  the  absorption  is  greatly  checked  or  completely 
arrested  so  that  25  per  cent  to  50  per  cent  may  remain  unabsorbed 
at  the  end  of  two  hours. 

6.  The  checking  of  the  absorption  in  a  loop  containing  iodide 
does  not  affect  absorption  in  other  loops. 

7.  Stoppage  of  absorption  is  not  due  to  the  systemic  action 
of  sodium  iodide. 

8.  Re-excretion  is  not  responsible  for  the  arrest  of  absorption. 

9.  In  general  there  is  practically  no  relation  between  the  absorp- 
tion and  variations  in  blood  pressure  unless  the  pressure  reaches 
a  very  low  level  (35  mm.)  when  the  absorption  is  diminished,  but 
it  may  be  fairly  efficient  even  at  this  level. 

10.  Visible  hyperemia  increases  and  visible  anemia  diminishes 
the  absorption  of  iodide. 

11.  Injury  of  the  intestinal  epithelium,  however  produced, 
hinders  the  absorption. 

12.  The  inhibition  of  absorption  of  sodium  iodide  is  a  local 
effect;  the  explanation  must  be  sought  in  some  chemical  change  in 
the  absorbing  epithelium. 

13.  Sodium  iodide  does  not  easily  permeate  the  excised  intes- 
tine.    Certain  substances  increase  the  permeability. 

14A.  Post-mortem  absorption  of  iodide  is  considerable  and 
quite  constant. 

B.  A  considerable  amount  of  the  iodide  is  retained  in  the  wall 
of  the  intestine  during  life. 

15.  The  application  of 'dilute  {0.2  to  1  per  cent)  sodium  chloride 
to  the  intestinal  mucosa  inhibits  the  absorption  of  sodium  iodide. 

16.  It  is  doubtful  whether  absorption  of  iodide  is  inhibited 
by  rendering  the  tissues  at  large  rich  in  haloid. 
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17.  It  is  doubtful  whether  the  absorption  of  iodide  is  materially 
increased  by  rendering  the  tissues  poor  in  chlorides. 

The  course  of  the  absorption  of  iodide  is  superficially  very 
similar  to  that  of  phenol.  Both  show  a  rapid  initial  absorption, 
succeeded  by  a  marked  inhibition  of  absorption.  The  mechan- 
ism of  this  absorption,  however,  is  entirely  different  in  the  two 
cases.  With  phenol,  the  inhibition  is  due  to  an  interference  with 
the  circulation,  which  may  be  brought  about  by  systemic  or 
local  apphcation.  With  iodide,  the  effect  is  directly  on  the 
absorbing  epitheHum,  and  occurs  only  on  direct-  contact  with  a 
haloid  salt.  It  is  well  known  that  contact  with  haloids  also  alters 
the  permeability  of  the  kidney  cells  to  haloids.^^  The  two  facts 
are  presumably  related. 

I  wish  to  express  my  thanks  to  Professor  Sollmann  for  his  guid- 
ance in  this  research;  for  his  help  in  criticising  the  results  and 
conclusions,  and  in  preparing  the  manuscript. 


"  Sollmann:  Am.  J.  Physiology..  1903,  ix,  p.  426. 


A  STUDY  OF  THE  ACTION  OF  VARIOUS  DIURETICS 
IN  URANIUM  NEPHRITIS' 

Wm.  deB.  MacNIDER 
From  the  Laboratory  of  Pharmacology  of  the  University  of  North  Carolina 

Received  for  publication,  February  12,  1912 

Synopsis 423 

Introduction 423 

Review  of  literature 425 

Discussion  of  the  technique  employed  in  the  experiments 426 

Coiu-se  of  the  experiments 429 

The  effect  of  diuretics  in  uranimn  nephritis 430 

The  renal  pathology 433 

Summary 435 

Bibliography 437 

In  a  recent  anatomical  study  (1)  of  the  nephritis  produced  in 
the  dog  by  the  use  of  various  nephrotoxic  substances  it  has  been 
shown  that  these  substances  vary  to  some  extent  in  the  degree 
of  their  selective  affinity  for  the  different  kidney  tissues.  Arsenic, 
for  example,  has  a  striking  affinity  for  the  blood  vessel  tissue  of 
the  kidney;  while  potassium  dichromate  causes  an  involvement 
of  the  epithehal  element  of  the  kidney  much  earher  than  does 
any  of  the  usually  employed  nephrotoxic  substances. 

Uranium  nitrate,  a  substance  which  has  frequently  been  em- 
ployed to  produce  experimentally  a  nephritis,  in  its  avidity  for 
the  different  tissues  of  the  kidney,  is  not  so  selective  in  its  action 
as  are  the  poisons  just  mentioned. 

If  uranium  be  given  in  large  doses  subcutaneously,  or  if  smaller 
quantities  be  used  and  the  nephritis  be  allowed  to  persist  for  some 
days,  the  nephritis  which  it  induces  with  such  a  technique  is 
more  tubular  than  vascular.     If,  on  the  other  hand,  small  quan- 

^  Presented  in  abstract  before  the  Society  for  Pharmacology  and  Experimental 
Therapeutics,  Baltimore,  December  27,  1911. 
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titles  are  employed,  5  to  10  mgs.  per  animal,  and  if  the  nephritis 
be  terminated  early,  the  reaction  on  the  part  of  the  kidney  is 
largely  vascular.  We  possess,  therefore,  in  uranium  a  nephro- 
toxic substance,  which  when  appropriately  administered  is  com- 
petent to  produce  the  two  main  types  of  nephritis.  For  this 
reason  uranium  was  the  nephrotoxic  substance  selected  to  use 
in  the  production  of  nephritides  of  different  severity,  in  which  one 
or  both  elements  of  the  kidney  concerned  in  the  formation  of 
urine  were  functionating  pathologically. 

By  the  use  of  such  a  substance  which  produces  primarily  a 
vascular,  and  later  a  tubular  nephritis,  it  was  hoped  that  by  study- 
ing the  physiological  response  of  the  kidney  at  these  stages  of 
its  pathological  reaction,  it  might  be  determined  which  element 
of  the  kidney  in  a  nephritis  was  most  concerned  in  determining 
the  quantitative  output  of  urine.  With  this  object  in  view  in 
this  study  diuretics  have  been  employed  which  effect  both  the 
vascular  and  the  epithelial  elements  of  the  kidney. 

In  the  anatomical  study  of  experimental  nephritis  which  has 
been  previously  referred  to,  the  nephrotoxic  substances  em- 
ployed were  potassium  dichromate,  sodium  arsenate,  cantharidin 
and  uranium  nitrate.  During  the  course  of  this  investigation 
it  was  noted  that  there  existed  a  fairly  clear  cut  correllation 
between  the  degree  of  epithelial  involvement  in  a  given  nephritis 
and  the  total  output  of  urine;  whereas,  on  the  other  hand,  no 
such  histological  correlation  could  be  made,  within  certain  limi- 
tations, between  the  severity  of  the  vascular  pathology  and  the 
output  of  urine.  For  example,  a  nephritic  animal  with  a  normal 
urine  flow,  or  a  polyuria,  would  show  a  vascular  reaction  which 
histologically  would  be  similar  to  the  vascular  pathology  in  an 
anuric  animal.  The  associated  epithelial  reaction  in  such  stages 
of  a  nephritis  differed  very  widely.  In  the  early  nephritides  with 
a  normal  output  of  urine  or  a  polyuria,  the  epithelial  involvement 
was  slight  or  absent.  In  some  of  the  experiments,  especially 
those  conducted  with  uranium,  the  epithelium  appeared  to  have 
undergone  a  shrinkage.  In  the  later  stages  of  the  nephritis  when 
the  output  of  urine  had  been  reduced  or  an  anuria  had  developed, 
the  epithelium  and  especially  that  of   the  convoluted  tubules, 
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invariably  showed  marked  alterations.  The  epitheUal  changes 
varied  with  the  severity  of  the  nephritis.  The  earUer  degenera- 
tions consisted  in  cloudy  swelUng  and  vacuolation,  while  the  later 
changes  were  principally  an  epitheUal  desquamation,  usually  pre- 
ceded by  necrosis. 

In  these  late  nephritides  the  swelling  of  the  epithelium  was 
frequently  decidedly  noticeable  and  was  sufficient  either  greatly  to 
encroach  upon  or  completely  occlude  the  lumen  of  the  tubules. 

The  present  physiological  study  of  the  nephritic  kidney  has 
been  imdertaken  to  determine,  if  possible,  the  part  played  by  the 
vascular  and  by  the  epitheUal  pathology  of  the  kidney  in  influenc- 
ing the  output  of  urine,  and  to  determine  whether  or  not  the 
vascular  mechanism  of  the  kidney  is  physiologically  responsive 
in  a  nephritis  in  which  there  is  evidence  of  epitheUal  involvement 
and  but  little  histological  evidence  of  vascular  injury. 

REVIEW   OF   LITERATURE 

The  two  most  important  recent  contributions  to  the  study  of 
acute  experimental  nephritis  are  those  by  Schlayer  (2)  and  Hed- 
inger  and  by  Pearce  (3),  Hill  and  Eisenbrey. 

These  investigations  were  conducted  with  the  same  general 
object  in  view  and  are  principally  concerned  with  the  physiological 
response  of  the  nephritic  kidney. 

Schlayer  and  Hedinger  studied  the  vascular  reaction  of  the 
kidney  in  both  the  glomerular  and  the  tubular  types  of  nephritis. 
For  their  studies  in  the  vascular  type  of  nephritis  they  employed 
as  kidney  poisons,  cantharidin,  arsenic  and  diphtheria  toxin,  and 
for  the  tubular  type  potassium  chromate  and  corrosive  sublimate. 

The  investigation  by  Pearce,  Hill  and  Eisenbrey  was  also  prin- 
cipally concerned  with  the  Vascular  reaction  in  acute  nephritis. 
The  authors  were  able  to  distinguish  types  of  nephritis  in  which 
either  the  tubular  or  the  vascular  changes  predominated.  They 
were  not  able  to  conclude,  however,  that  a  given  poison  produced 
an  exclusively  tubular  or  vascular  injury.  Potassium  chromate, 
corrosive  subUmate  and  uranium  nitrate,  caused  extensive  tubular 
injury  and  in  the  early  stages  of  the  nephritis  showed  no  evidence 


426  WM.    DEB.    MACNIDER 

of  vascular  injury  except  physiologically.  When  physiological 
methods  were  employed  they  were  able  to  demonstrate  in  the 
early  stages  of  the  nephritis  an  exaggerated  contraction  and  dilata- 
tion of  the  vessels  and  also  an  increased  diuresis.  Arsenic  and 
cantharidin  acted  as  vascular  poisons  and  produced  but  little 
injury  to  the  tubules.  Both  of  these  poisons  tended  to  cause  an 
anuria  which  was  characterized  by  minimal  contraction  and  dila- 
tation of  the  renal  vessels  and  little  or  no  flow  of  urine.  Finally 
in  this  investigation  two  types  of  late  tubular  nephritis  are 
described:  one  anuric  and  accompanied  by  gastro-intestinal 
symptoms;  and  the'  other  polyuric  until  the  time  of  anesthesia. 

In  addition  to  these  two  investigations  which  are  principally 
concerned  with  the  physiological  response  of  the  kidney,  path- 
ological studies  of  the  kidney  in  a  uranium  nephritis  have  been 
made  by  several  investigators. 

Heineke  and  Myerstein  (4)  were  able  to  demonstrate  a  marked 
vascular  disturbance  in  the  kidney  from  uranium  in  addition  to 
a  pronounced  action  on  the  renal  epithelium;  while  Dickson  (5) 
in  an  extensive  series  of  experiments  in  which  the  guinea  pig  was 
the  animal  employed  came  to  the  same  conclusions. 

Christian  (6)  in  his  work  on  uranium  nephritis  in  which  the 
vascular  pathology  was  studied,  described  as  developing  in  the 
capillaries  of  the  glomerulus,  oval  or  irregular  homogeneous  drop- 
lets 0.5  to  4  microns  in  diameter.  Similar  structures  have  been 
observed  in  several  of  the  experiments  in  the  series  of  animals 
which  will  be  presented  in  this  study. 

The  work  of  Schirokauer  (7)  on  the  uranium  nephritis  of  rab- 
bits is  of  special  interest  on  account  of  the  associated  anasarca. 

DISCUSSION  OF   THE   TECHNIQUE   EMPLOYED   IN  THE   EXPERIMENTS 

In  conducting  the  experiments  the  dog  was  the  animal  con- 
stantly employed.  A  total  of  twenty-three  animals  were  used. 
The  animals  were  free  from  disease  and  their  general  nutrition 
was  apparently  normal. 

For  three  days  prior  to  the  experiments  the  animals  were  kept 
in  metabolism  cages,  fed  on  beef  and  hard  bread  and  given  once 
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a  day  by  stomach  tube  a  known  and  constant  quantity  of  water. 
The  quantity  of  water  varied  with  the  size  of  the  animals.  During 
the  period  of  prehminary  observation  the  urine  was  collected 
daily,  measured  and  studied  qualitatively  and  microscopically. 
The  existence  of  a  naturally  acquired  nephritis  was  excluded. 
Two  of  the  animals  showed  the  presenceof  albumen  and  erythro- 
cytes in  the  urine  but  no  casts. 

At  the  end  of  three  or  four  days,  after  the  preliminary  data 
had  been  obtained,  the  animals  were  given  from  5  to  10  mgs.  of 
uranium  nitrate  subcutaneously.  The  frequency  with  which  the 
injections  were  repeated  was  determined  by  the  severity  of  the 
nephritis  produced  by  a  given  injection  and  by  the  stage  of  the 
nephritis  that  was  desired  in  which  to  study  the  action  of  the  dif- 
ferent diuretic  substances.  Such  a  method  of  regulating  the 
quantity  of  nephrotoxic  substance  is  more  accurate,  so  far  as  the 
reaction  on  the  part  of  the  kidney  is  concerned,  than  can  be  ob- 
tained by  using  a  constant  quantity  of  the  kidney  poison  per 
kilogram  of  body  weight,  since  different  animals  vary  very  greatly 
in  their  response  to  the  same  quantity  of  the  poison. 

Usually  within  twelve  to  twenty-four  hours  after  the  initial 
injection  of  uranium  the  animals  had  developed  a  well  marked 
nephritis. 

Occasionally  on  the  first  day  of  the  nephritis,  and  almost  inva- 
riably by  the  second  day,  the  animals  developed  a  pronounced 
glycosuria.  The  quantitative  output  of  albumen  was  not  deter- 
mined. Quantitative  sugar  determinations  were  made  with  both 
Fehhng's  and  Purdy's  quantitative  reagents.  These  determina- 
tions showed  that  the  output  of  sugar  in  a  twenty-four  hour  speci- 
men of  urine  varied  from  0.25  to  3.22  per  cent. 

After  the  production  of  the  nephritis  the  animals  were  anesthet- 
ized with  either  morphine-ether  or  Grehant's  anesthetic. ^ 

The  following  operative  technique  was  constantly  employed. 

A  tracheal  canula  was  tied  in  place  and  connected  with  the 
ether  bottle  to  be  used  in  case  additional  anesthetic  was  necessary 
during  the  experiment. 

^Grihant's  Anesthetic.  The  animal  is  given  }  cc.  per  kilogram  of  a  4  per  cent 
solution  of  morphine.  This  is  followed  in  half  an  hour  by  10  cc.  per  kilogram  of 
the  following  mixture:  Chloroform,  50  cc;  alcohol  and  water,  each  500  cc. 
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The  carotid  pressure  was  recorded  in  the  usual  way,  and  a  rela- 
tive idea  of  the  heart  volume  was  obtained  along  with  the  pres- 
sure tracing  by  means  of  a  Hiirthle  manometer. 

The  left  kidney  was  surrounded  by  a  rubber  bag  filled  with 
water,  and  the  kidney  with  its  surrounding  water  cushion  placed 
in  a  copper  oncometer.  The  oncometer  communicated  by  means 
of  a  rubber  tube  with  a  water  manometer  which  registered  on  an 
arbitrary  scale  graduated  in  millimeters  the  increase  or  the  de- 
crease in  the  volume  of  the  organ. 

Into  each  ureter  was  placed  a  ureter  canula.  Observations  of 
the  urine  flow  were  made  only  from  the  right  kidney,  on  account 
of  the  fact  that  the  flow  from  the  left  kidney  was  possibly  in- 
fluenced by  the  mechanical  disturbance  necessarily  associated  with 
the  use  of  the  oncometer. 

The  various  diuretic  solutions  were  given  intravenously  through 
the  femoral  vein,  due  care  being  taken  of  their  temperature. 

The  experiments  were  of  such  a  nature  that  they  would  neces- 
sarily require  considerable  time  for  consecutive  observations  of  the 
action  of  the  different  diuretics.  On  this  account  it  seemed  advis- 
able to  employ  some  method  to  maintain  a  fairly  constant  body 
temperature.  For  this  purpose  a  copper  water  box  was  used 
similar  to  the  ones  employed  in  SoUmann's  laboratory.  The 
upper  surface  of  the  box  is  concave  and  holds  a  wooden  rack  in 
which  the  animal  is  placed.  With  such  an  apparatus  the  animal's 
body  temperature  can  be  fairly  accurately  maintained. 

At  the  termination  of  the  experiments,  the  kidneys  were  at 
once  removed  and  tissue  fixed  for  microscopic  study  in  both  cor- 
rosive-acetic and  in  formaline. 

Five  of  the  twenty-three  animals  employed  in  this  investiga- 
gation  were  either  purposely  or  accidentally  killed  before  or  at 
the  commencement  of  the  anesthetic.  Kidney  tissue  from  these 
animals  was  fixed  for  histological  study. 

In  the  remaining  eighteen  animals  the  physiological  response 
of  the  nephritic  kidney  was  studied  under  the  influence  of: 

Caffeine 1-2  cc.  of  a  1  per  cent  solution  per  kilogram 

Theobromine 1-2  cc.  of  a  1  per  cent  solution  per  kilogram 

Digitalin 1  mg.  per  kilogram 

Sodium  chloride  solution 0.9  per  cent,  10  cc.  per  kilogram 
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COURSE  OF  THE   EXPERIMENTS 

The  average  daily  output  of  urine  by  each  animal  was  deter- 
mined at  the  end  of  the  third  day,  during  which  time  the  pre- 
Uminarj'  observations  were  being  made.  Following  the  injection 
of  uranium  the  daily  output  of  urine  was  ascertained  and  com- 
pared with  the  average  daily  output  by  the  animal  prior  to  the 
use  of  uranium. 

Three  of  the  animals  were  used  experimentally  after  they  had 
developed  a  nephritis  but  before  the  development  of  a  glycosuria. 
The  daily  output  of  urine  by  these  nephritic  and  non-glycosuric 
animals  showed  a  moderate  increase  as  follows.  The  urine  from 
the  different  animals  increased  respectively  from  278  to  318  cc, 
from  392  to  440  cc.  and  from  386  to  358  cc.  The  urine  showed 
qualitatively  a  pronounced  reaction  for  albumen,  and  micro- 
scopically hyaline  and  granular  casts  and  erythrocytes. 

The  remaining  animals  were  used  experimentally  after  the 
development  of  a  glycosuria.  In  each  instance,  with  the  develop- 
ment of  a  glycosuria  the  output  of  urine  at  once  enormously 
increased.  For  example,  in  experiment  1,  in  which  the  animal 
was  receiving  daily  350  cc.  of  water,  the  average  daily  output 
of  urine  for  the  three  days  prior  to  thie  uranium  was  385  cc,  while 
with  the  development  of  a  nephritis  and  an  accompanying  gly- 
cosuria the  urine  increased  on  the  first  day  to  620  cc.  and  on  the 
second  day  to  750  cc. 

Again,  in  experiment  8,  in  which  the  animal  was  receiving  500 
cc.  of  water  daily,  the  average  output  of  urine  prior  to  the  urani- 
um was  513  cc,  while  following  the  uranium  and  with  the  develop- 
ment of  a  nephritis  and  a  glycosuria  the  output  of  urine  increased 
to  1310  cc. 

This  increase  in  the  output  of  urine  was  not  an  occasional  occur- 
rence, but  it  developed  in  each  animal  that  was  allowed  a  sufficient 
time  to  develop  a  glycosuria.  These  polyuric  and  nephritic  ani- 
mals were  anesthetized  by  one  of  the  methods  previously  men- 
tioned. Within  thirty-four  minutes  to  an  hour  and  a  half  after 
the  commencement  of  the  anesthetic,  the  output  of  urine  from 
these  excessively  diuretic  animals  was  either  very  greatly  reduced, 
reduced  to  a  condition  bordering  on  an  anuria,  or  an  anuria  had 
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developed  which  in  six  of  the  animals  persisted  throughout  the 
experiment,  uninfluenced  by  the  diuretics  which  were  employed. 

This  pronounced  reduction  in  the  output  of  urine  after  the 
anesthetic  is  equally  as  striking  as  is  the  increase  in  the  output 
of  urine  after  the  animals  have  developed  a  glycosuria. 

Experiment  20  is  used  to  illustrate  these  observations.  The 
animal  was  receiving  500  cc.  of  water  daily.  The  average  out- 
put of  urine  for  the  three  days  prior  to  the  uranium  was  464  cc. 
The  animal  was  given  subcutaneously  one  injection  of  uranium 
of  10  mgs.  The  animal  rapidly  developed  a  nephritis  and  a 
glycosuria,  and  the  urine  increased  to  1018  cc.  At  the  time  of  the 
experiment  294  cc.  of  this  urine  was  found  in  the  bladder,  which 
shows  quite  clearly  that  the  animal  was  diuretic  until  the  time  of 
anesthesia.  The  experiment  lasted  four  hours  and  during  this 
time  the  animal  was  in  a  perfectly  satisfactory  phsyiological  con- 
dition. The  general  blood  pressure  varied  between  93  and  108 
mm.  of  mercury  and  the  renal  vessels  were  physiologically  respon- 
sive to  caffeine,  theobromine  and  0.9  per  cent  salt.  Not  a  drop 
of  urine  was  voided. 

This  experiment,  associated  as  it  is  with  others  which  give  iden- 
tically the  same  results,  shows  a  definite  relation  between  the 
polyuria  and  the  development  of  glycosuria.  Secondly,  it  shows 
an  equally  intimate  connection  between  the  use  of  an  anesthetic 
and  the  development  of  an  anuria.  The  polyuria  in  uranium 
nephritis  and  the  influence  of  the  anesthetic  in  reducing  the  out- 
put of  urine  has  been  observed  by  both  Schlayer  (2)  and  Pearce 
(3).  Pearce  attributes  the  anuria  to  a  ''decreased  glomerular 
permeability"  and  makes  a  similar  suggestion  to  interpret  the 
results  obtained  by  Schlayer.  So  far  as  I  have  been  able  to  learn 
these  authors  make  no  note  of  the  association  of  the  polyuria 
with  the  onset  of  the  glycosuria. 

THE    EFFECT    OF    DIURETICS    IN    URANIUM    NEPHRITIS 

To  facilitate  the  study  of  the  effect  of  the  different  diuretics 
the  experiments  have  been  classified  into  groups,  e.g.,  the  Anuric, 
Practically  Anuric  and  Diuretic  Groups. 
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Anuric  group 

Six  experiments  are  included  in  this  group.  In  all  six  of  the 
animals  caffeine,  theobromine,  and  digitalin  were  employed  as 
diuretics  and  in  four  of  the  animals  0.9  per  cent  salt  was  also  used. 
None  of  these  agents  had  any  effect  in  reestablishing  a  flow  of 
urine.  This  failure  cannot  be  attributed  to  either  a  failure  on  the 
part  of  the  diuretics  to  increase  and  maintain  an  adequately 
high  general  blood  pressure  for  urine  secretion,  or  to  a  failure  in  the 
vascular  response  of  the  kidney.  The  following  experiment  will 
serve  well  to  illustrate  these  points : 

Experiment  23.  The  animal's  general  blood  pressure  at  the  com- 
mencement of  the  experiment  was  104  mm.  of  mercury  and  at  the  termi- 
nation 107  mm.  Caffeine  produced  a  rise  in  arterial  pressure  of  4  mm. 
of  mercury  and  a  rise  in  the  oncometer  of  27  mm.  (water  manometer). 
Theobromine  produced  a  rise  of  7  mm.  in  general  pressure,  and  a  rise 
in  oncometer  pressure  of  59  mm.,  digitalin  a  rise  of  18  mm.  in  arterial 
pressure  and  20  mm.  in  oncometer  pressure,  while  0.9  per  cent  salt 
caused  no  rise  in  general  blood  pressure,  but  a  rise  of  15  mm.  in  oncom- 
eter pressure.     The  animal  remained  anuric  throughout  the  experiment. 

Practically  Anuric  group 

FalUng  in  this  group  are  experiments  6  and  11.  They  represent 
animals  which  are  not  absolutely  anuric  but  which  show  a  grad- 
ual decline  in  the  flow  of  urine  which  is  but  shghtly  influenced 
by  the  diuretics. 

The  first  animal  of  this  series,  experiment  6,  prior  to  the  anes- 
thetic had  an  output  of  urine  of  810  cc.  Following  the  anesthetic 
an  anuria  developed  for  two  hours,  although  during  this  time  a 
rise  of  blood  pressure  of  14  mm.  of  mercury  and  of  oncometer 
pressure  of  12  mm.  of  water  was  obtained  from  caffeine  and  a 
rise  of  10  mm.  in  general  pressure  and  of  12  mm.  in  oncometer 
pressure  from  theobromine.  During  the  last  half  hour  of  the 
experiment,  under  the  effect  of  0.9  per  cent  salt  the  arterial  pres- 
sure rose  17  mm.  and  the  oncometer  pressure  20  mm.  The  urine 
filled  the  ureter  canula  and  a  few  drops  were  discharged  into  the 
receiving  flask. 
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Experiment  11  followed  the  same  general  course.  Prior  to  the  anes- 
thetic the  animal  was  highly  polyuric.  Following  the  anesthetic  the 
output  of  urine  for  the  first  half  hour  period  was  2  cc.  The  urine  flow 
then  decreased,  although  the  animal  showed  the  usual  physiological 
response  to  caffeine  and  theobromine.  During  the  final  half  hour 
period  of  the  experiment  the  flow  of  urine  had  been  reduced  to  two 
drops.  The  experiment  demonstrates  a  continuance  of  those  changes, 
whatever  they  may  be,  which  lead  to  an  anuria,  and  Avhich  commence 
with  the  administration  of  the  anesthetic,  and  in  this  instance  have  pro- 
gressed, uninfluenced  by  the  employment  of  diuretics. 

Diuretic  group 

In  the  animals  classified  as  diuretic,  the  term  is  used  relatively. 
With  few  exceptions  these  experiments  were  terminated  artifically 
during  a  period  of  diuresis.  Such  a  termination  does  not  exclude 
the  possibility  of  the  animal  later  becoming  anuric  as  was  illus- 
trated in  the  previously  described  experiment. 

The  following  experiments  are  representative  of  this  group: 

Experiment  16.  The  animal  had  a  pronounced  nephritis,  was  poly- 
uric and  had  developed  a  glycosuria.  Following  Grehant's  anesthetic 
thfe  animal  became  anuric  for  forty-five  minutes.  Following  the  use  of 
caffeine,  with  a  rise  of  arterial  pressure  of  5  mm.  of  mercury  and  of  on- 
cometer pressure  of  8  mm.  the  urine  flow  was  reestablished  and  during 
the  half  hour  period  following  the  use  of  caffeine  the  flow  of  urine  was 
1.5  cc.  Under  theobromine  without  a  rise  in  arterial  pressure  but  with 
a  rise  in  oncometer  pressure  of  4  mm.,  the  flow  of  urine  increased  to  3 
cc.  in  a  half  hour  period.  With  digitalin  which  produced  a  rise  in  arte- 
rial pressure  of  10  mm.  and  in  oncometer  pressure  of  8  mm.  the  urine  flow 
increased  to  3.3  cc.  in  a  half  hour  interval. 

In  three  of  the  experiments  of  this  series  0.9  per  cent  salt  was 
used.     With  the  salt  solution  the  greatest  degree  of  diuresis  was. 
produced  and  this  diuretic  effect  from  the  salt  was  more  constant 
than  that  from  the  other  diuretics  in  this  type  of  nephritis. 

In  experiment  19,  the  flow  of  urine  in  the  half  hour  period  prior 
to  the  use  of  salt  solution  was  0.9  cc.  Following  the  salt  with  a 
rise  in  arterial  pressure  of  14  mm.  and  in  oncometer  pressure  of 
49  mm.  the  urine  increased  to  1.7  cc. 
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In  experiment  17  with  a  flow  of  urine  of  1.6  ce. — prior  to  the 
use  of  salt  solution,  followdng  its  use  the  urine  increased  to  4.6  cc. 
The  oncometer  pressure  rose  18  mm.  and  the  general  pressure  6 
mm. 

The  following  deductions  concerning  the  diuretic  value  of  the 
different  substa*nces  employed  in  these  groups  of  experiments  are 
as  follows: 

1.  In  the  anuric  group,  caffeine,  theobromine,  digitahn  and  0.9 
per  cent  salt  solution  have  no  effect  in  reestablishing  the  flow  of 
urine.  Their  failure  does  not  depend  upon  their  inability  to 
raise  and  maintain  a  suflficiently  high  general  blood  pressure  to 
produce  diuresis. 

2.  The  inactivity  of  these  substances  is  not  due  to  their  inability 
to  influence  the  local  renal  circulation,  for  the  physiological  vas- 
cular response  of  the  renal  vessels  as  indicated  by  the  oncometer 
readings  is  normal  or  hyperactive. 

3.  In  the  group  of  experiments  classified  as  practically  anuric 
the  same  deductions  concerning  the  inefl&ciency  of  the  diuretics 

"are  allowable. 

4.  In  q,ddition  to  these  deductions  relative  to  the  effect  of  the 
diuretics,  this  group  also  shows  that  the  quantity  of  urine  may 
not  only  not  be  increased  by  the  diuretics,  but  that  the  output 
of  urine  may  progressively  decrease,  even  though  the  general 
blood  pressure  readings  and  oncometer  readings  show  the  usual 
response. 

5.  In  the  diuretic  group  in  which  the  animals  show  the  same 
physiological  response  to  the  diuretics  as  was  shown  by  the  ani- 
mals in  the  anuric  and  practically  anuric  groups — the  substances 
effect  a  diuretic  action.  Salt  solution,  0.9  per  cent,  shows  a  more 
constant  diuretic  effect,  and  the  increase  in  the  flow  of  urine  from 
the  salt  is  more  pronounced  than  it  is  from  the  other  substances. 

THE  RENAL  PATHOLOGY 

Five  of  the  animals  used  in  this  investigation  were  killed  either 
prior  to  the  anesthetic  or  during  its  administration.  Four  of 
these  animals  had  an  early  uranium  nephritis,  were  markedly 
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polyuric  and  had  a  glycosuria.  The  fifth  animal  had  a  late  ura- 
nium nephritis,  was  glycosuric  but  was  not  polyuric.  The  output 
of  urine  was  reduced  below  the  normal. 

In  the  four  early  nephritides  the  vascular  pathology  of  the 
kidney  was  much  more  pronounced  than  was  the  epithelial  path- 
ology, while  in  the  fifth  animal  with  a  late  uranium  nephritis  in 
which  the  output  of  urine  had  been  reduced  below  the  normal, 
the  epithelial  pathology  predominated.  The  vascular  pathology 
in  the  early  nephritides,  consisted  primarily  in  an  acute  engorge- 
ment of  the  glomerular  capillaries.  The  hyperaemic  capillary 
tufts  usually  filled  the  space  enclosed  by  Bowman's  membrane 
and  frequently  this  structure  gave  the  appearance  of  being  dis- 
tended by  the  enclosed  capillaries.  The  endothelial  nuclei  of 
the  capillaries  and  of  the  capsular  membrane  showed  no  degenera- 
tion but  were  unusually  prominent.  Within  the  capillaries  the 
vacuoles  first  described  by  Christian  (6)  were  observed  in  two  of 
the  kidneys. 

The  intertubular  vessels  showed  the  same  engorgement  with  an 
occasional  intertubular  exudate  containing  a  few  erythrocytes. 

With  this  pronounced  vascular  reaction  on  the  part  of  the  kid- 
ney the  epithelial  pathology  was  remarkably  slight.  The  epithe- 
lium had  not  degenerated,  it  stained  well  and  showed  no  encroach- 
ment upon  the  lumen  of  the  tubules.     (Figs.  I  and  II.) 

A  comparison  of  the  epithelial  changes  in  these  animals,  with 
the  epithelial  changes  in  those  animals  having  a  complete  anuria 
is  as  striking  as  is  the  difference  in  the  output  of  urine  by  the  two 
groups  of  animals  before  and  after  the  administration  of  an  anes- 
thetic. 

Four  of  the  anuric  animals  were  in  an  early  stage  of  uranium 
nephritis,  the  stage  which  has  just  been  described  as  existing  in 
the  animals  killed  before  the  administration  of  an  anesthetic. 
In  these  animals  with  an  early  uranium  nephritis  which  were 
polyuric  and  glycosuric,  and  which  following  the  anesthetic  be- 
came anuric,  the  vascular  pathology  was  histologically  similar 
to  the  vascular  pathology  noted  in  those  animals  that  had  not 
been  subjected  to  the  effect  of  an  anesthetic.  The  epithehal 
pathology  in  these  two  groups  of  animals  shows,  however,  a  well 
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marked  difference.  The  epithelium  in  the  anm'ic  animals  is 
very  greatly  swollen  and  is  usually  vacuolated.  As  a  result  of 
the  swelling  the  lumen  of  the  tubules  has  either  been  very  greatly 
encroached  upon  or  the  lumen  has  become  obliterated  by  an  appo- 
sition of  the  opposing  faces  of  the  tubular  epithehum.  The  epi- 
thehal  changes  are  most  pronounced  in  the  convoluted  tubules. 
(Figs.  Ill  and  IV). 

In  the  animals  grouped  as  practically  anuric,  the  renal  path- 
ology is  so  nearly  similar  to  the  pathology  of  the  kidney  in  the 
anuric  group  that  the  two  allow  no  histological  differentiation. 

In  the  animals  grouped  as  diuretic,  the  vascular  pathology  is 
similar  histologically  to  the  vascular  pathology  which  has  been 
described  for  those  animals  in  the  anuric  group  and  also  for  those 
animals  which  were  killed  prior  to  the  use  of  the  aijesthetic.  The 
epithelial  pathology,  however,  differs  very  much  from  the  epithe- 
hal  pathology  of  the  anuric  group  but  resembles  in  its  appearance 
the  epithehal  reaction  seen  in  those  diuretic  animals  obtained 
before  the  use  of  an  anesthetic.     (Figs.  V  and  VI.) 

SUMMARY 

1.  Early  in  a  uranium  nephritis,  usually  within  the  first  twenty- 
four  hours,  the  animals  develop  a  glycosuria  and  become  markedly 
polyuric. 

2.  Following  an  anesthetic,  morphine-ether,  or  Gr^hant's,  these 
animals  either  become  completely  anuric  or  the  output  of  urine 
is  greatly  reduced. 

3.  Such  animals  under  the  effect  of  caffeine,  theobromine,  digi- 
talin  and  0.9  per  cent  salt  solution,  show  a  normal  response  in  the 
general  blood  pressure  rise  and  in  the  vascular  response  of  the 
kidney. 

4.  In  certain  of  these  animals  the  flow  of  urine  is  increased  by 
these  diuretics^while  in  other  animals  the  urine  flow  is  uninfluenced. 

5.  Histologically  the  vascular  pathology  of  the  kidney  is  sim- 
ilar in  those  animals  which  show  a  diuretic  effect  and  in  those 
animals  which  remain  anuric. 
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6.  Those  animals  which  remain  anuric  show  a  physiological 
vascular  response  on  the  part  of  the  kidney  vessels  similar  to  the 
response  which  is  obtained  in  the  diuretic  animals.  The  physio- 
logical and  the  pathological  reaction  of  the  kidney  vessels  in  the 
anuric  and  in  the  diuretic  animals  are,  therefore,  similar. 

7.  The  two  groups  of  animals  differ,  however,  in  the  degree  of 
involvement  of  the  epithelial  element  of  the  kidney.  The  anuric 
animals  show  an  epithelial  involvement  which  is  severe  and  which 
results  anatomically  in  an  encroachment  upon,  or  occlusion  of, 
the  lumen  of  the  tubules,  while  in  the  diuretic  animals  the  epi- 
thelial changes  are  less  marked  and  are  insufficient  to  produce  a 
mechanical  obstruction  of  the  tubular  lumen. 

8.  The  pathology  of  the  kidney  of  those  animals  with  an  early 
uranium  nephritis  which  were  examined  prior  to  the  use  of  an 
anesthetic  showed  a  vascular  pathology  which  in  general  was  sim- 
ilar to  the  vascular  pathology  of  the  anuric,  practically  anuric 
and  diuretic  animals.  The  tubular  epithelium  of  these  animals, 
which  were  polyuric,  showed  but  slight  changes,  and  in  their 
epithelial  reaction  the  kidneys  of  these  animals  were  more  nearly 
comparable  to  the  kidneys  of  the  diuretic  animals  than  they  were 
to  the  kidneys  of  the  anuric  animals. 

The  physiological  and  anatomical  observations  which  have  been 
made  in  this  investigation  indicate  that  in  a  uranium  nephritis 
the  epithelial  changes  are  more  responsible  for  a  reduction  in 
the  output  of  urine  or  an  anuria  than  are  the  vascular  changes. 
The  way  in  which  these  changes  influence  the  output  of  urine  will 
furnish  the  basis  for  a  subsequent  investigation. 


THE   ACTION   OF  DIURETICS  IN   URANIUM   NEPHRITIS         437 


BIBLIOGRAPHY 

(1)  ■  Mac  Nider :    Journal  of  Medical  Research,  vol.  5cxvi,  no.  1  (to  be  published). 

(2)  Schlayer  and  Hedinger:  Deutsch.  Arch.  f.  klin.  med.,  1907,  xc,  1. 

(3)  Pearce,  Hill  and  Eisenbrey :  Jour.  Exp.  Med.,  vol.  xii,  no.  2,  1910. 

(4)  Heineke  and  Myerstein:  Deutsch.  Arch.  f.  klin.  med.,  1907,  vol.  xc,  101. 

(5)  Dickson:    Arch.  Int.  Med.,  1909,  vol.  iii,  p.  375. 

(6)  Christian:  Boston  Med.  and  Surg.  Jour.,  1908,  clix,  8. 

(7)  Schirokauer:  Ztsch.  f.  klin.  Med.,  1908,  Ixvi,  182. 


Figs.  I  and  II 

The  figures  represent  the  kidneys  of  a  nephritic,  glycosuric  and  polyuric  animal 
before  the  use  of  an  anesthetic.  The  glomerular  vessels  fill  and  distend  the  sur- 
rounding capsule  and  show  the  presence  of  vacuoles  in  the  capillary  walls.  The 
tubular  epithelium  shows  occasional  vacuolation,  is  but  slightly  swollen  and  has 
not  encroached  upon  or  occluded  the  lumen  of  the  tubules.  The  tubules  contain 
granular  detritus.     B.  and  L.  obj.  3,  oc.  1. 

Figs.  Ill  and  IV 

The  figures  represent  the  kidneys  of  two  animals  which  were  excessively  polyuric 
before  the  administration  of  an  anesthetic.  Following  the  anesthetic  the  ani- 
mals become  anuric.  The  anuria  remained  uninfluenced  by  the  diuretics.  The 
vascular  pathology  is  histologically  similar  to  the  pathology  described  in  the  poly- 
uric animals  illustrated  by  Figs.  I  and  II.  The  epithelial  pathology,  however,  is 
strikingly  different.  The  epithelium  shows  an  acute  swelling  resulting  in  a  nearly 
complete  occlusion  of  the  lumen  of  the  tubules.  The  acute  nature  of  the  swelling 
of  the  epithelium  is  well  shown  in  Fig.  III.  The  anuria  was  uninfluenced  by  the 
diuretics.     B.  and  L.  obj.  3,  oc.  1. 

Figs.  V  and  VI 

The  figures  represent  the  kidneys  of  two  animals  which  were  responsive  to  the 
diuretics.  The  vascular  pathology  is  similar  to  that  described  in  the  anuric 
animals.  The  epithelium  shows  but  slight  swelling  and  no  material  encroachment 
upon  the  lumen  of  the  tubules.     B.   and  L.  obj.  3,  oc.  1. 
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Calycanthine  is  an  alkaloid  found  in  the  seeds  of  Calycanthus 
glaucus  (Wildenow),  a  plant  indigenous  to  the  southern  United 
States  and  known  there  as  ''Sweet  Brush"  or  "Bubby."  It  is  of 
economical  importance  because  numerous  cases  of  animal  poison- 
ing have  occurred  from  cattle  and  sheep  eating  it.  This  alkaloid, 
according  to  Gordin,  (1)  has  the  formula,  C11H14N2IH2O.  It 
melts,  crystalUne  at  216°  to  18°  C,  anhydrous  at  243°  to  44°  C, 
and  loses  its  water  of  crystalUzation  in  a  few  hours  at  120°  C. 
without  otherwise  being  changed  by  the  heat.  The  pharmacology 
of  this  preparation  has  been  studied  by  Cushny  (2). 

Having  exhausted  the  material  from  which  the  calycanthine 
was  prepared,  Gordin  ordered  more  seeds  from  the  same  dealer. 
These  apparently  were  identical  with  those  of  the  first  sample 
and  the  alkaloid,  obtained  from  them,  appeared  exactly  hke 
calycanthine.  However,  on  analysis,  this  second  alkaloid  was 
found  to  melt,  crystalline  at  212°  to  14°  C.,  anhydrous  at  235°  to 
36°  C,  and  not  to  give  up  its  water  of  crystallization  by  heating 
without  partial  decomposition  of  the  base.  That  the  crystalline 
form  also  contains  water  of  crystallization  is  shown  by  its  loss  of 
weight  when  kept  "in  vacuo"  over  a  drying  agent  such  as  sul- 
phuric acid.  Even  such  methods  failed  to  bring  the  weight  con- 
stant until  after  a  period  of  twenty  months,  when  the  loss  of 
water  from  a  definite  quantity  of  the  crystalline  substance  agreed 
with  the  calculated  formula,  CUH14N2IH2O.  Since  this  base  has 
the  same  formula  as  calycanthine  but  differs  in  the  points  men- 
tioned above,  Gordin  calls  it  isocalycanthine. 
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The  alkaloid  contains  an  NH  group.  The  assumption  was 
made,  therefore,  that  it  would  react  with  methyl  iodide  to  form 
compounds  of  the  formulae,  CiiHi3(CH3)N2  and  CiiHi3(CH8)N2 
CH3I,  respectively.  In  no  case  was  either  of  these  bases  found 
but,  instead,  a  new  and  unexpected  compound  of  the  formula, 
C24H28NaIOH20.  The  reaction  is  complicated  and,  from  10  grams 
of  isocalycanthine,  about  4  grams  of  the  quaternary  iodide  is 
obtained.  It  is  difficult  to  understand  how  a  quaternary  iodide, 
containing  oxygen  and  three  atoms  of  nitrogen  in  the  molecule, 
can  be  obtained  from  an  oxygen  free  b.ase,  having  only  two 
atoms  of  nitrogen.     Gordin  gives  a  probable  explanation  (3). 

The  new  quaternary  iodide  is  both  a  neutral  ammonium  salt 
and  a  weak  monoacid  base.  It  is  colorless,  difficultly  soluble  in 
water  and  combines  with  strong  acids  to  form  soluble  salts  of  a 
light  yellow  color.  With  weak  acids  no  such  salts  are  produced, 
and  from  the  yellow  salt  solutions,  ammonia,  fixed  alkalies  and 
ammonium  carbonates  reprecipitate  the  quaternary  base. 

The  peculiar  physical  properties  and  chemical  reactions  of  iso- 
calycanthine made  a  pharmacological  study  advisable.  Dr. 
Gordin  kindly  furnished  us  with  a  sufficient  quantity  of  isocaly- 
canthine hydrochloride,  C11H14N2HCI  H2O,  and  its  quaternary 
chloride,  C24H28N3CIO3H2O,  for  this  purpose.  In  carrying  out 
this  work  we  have  followed  more  or  less  closely  the  work  of  Cushny 
(4)  on  calycanthine. 

ISOCALYCANTHINE  HYDROCHLORIDE 

Action  on  the  nervous  system 

The  alkaloidal  salt,  in  physiological  salt  solution,  was  injected 
into  the  abdominal  lymph  sac  of  25  gram  frogs.  Cats  were  given 
the  drug  hypodermically. 
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Experiment  1 

November  9 
2:10  p.m 


Frogs — 5  mg.  equal  to  0.2  mg.  per  gram 


2:30 
.2:35 
2:40 

3:10 

November  10 

8:00  a.m. 

12:00  m. 
November  11 

8:00  a.m. 
November  13 

8:00  a.m. 
November  24 


Two  frogs  injected. 
•  Sit  erect,  are  lively  and  apparently  normal. 
Highly  irritable. 
Distinct  clumsiness.     Crawl  instead  of  hopping  but  are 

still  able  to  hop. 
Bodily  movement  much  impaired.     Turn  over  when 

placed  on  back. 

Less  clumsy  and  highly  irritable. 

Still  irritable.     No  indication  of  spasms. 

Still  irritable. 

No.  1 — Highly  irritable.   Appeared  normal  two  days  later. 

No.  2 — Tetanic  spasms  with  opisthotonus,   continuing 
until  death  on  November  24. 


Experiment  2.     Frogs — 10  mg.  equal  to  0.4  nig.  per  gram 


November  9 
2:12  p.m. 
2:25 
2:40 


2:45 

3:00 
3:10 
November  10 
8:00  a.m. 
3:00  p.m. 


4:00 


Two  frogs  injected. 

Irritability  increased. 

Distinct  impairment  of  motion.     Crawl  but  have  great 

difficulty  in  drawing  up  legs.     Abduction  of  limbs 

similar    to    picrotoxin    effect    but    less    pronounced. 

Recover  position  with  difficulty  when  placed  on  back. 
Float  in  water.     No  curare-like  action  and  no  tremors 

discernible. 
Marked  loss  of  ability  to  draw  hind  legs  up  to  the  body. 
Cannot  turn  over  when  placed  on  back.' 

Tetanic  spasms. 

Tetanus  still  persists.  No.  3 — Decapitated — spasms 
still  continue  but  less  marked.  Death  three  hours 
later. 

No.  4 — Tetanic  spasms,  with  extreme  backward  exten- 
sion of  the  head.     Died  during  the  night. 
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Experiment  3.     Frogs — 20  mg.  equal  to  0.8  mg.  per  gram 


November  9 
2:15  p.m. 
2:20 


2:27 


2:45 

3:00 
November  10 
8:00  a.m. 

12:00  m. 
4:00  p.m. 

November  11 
8:00  a.m. 

November  13 
8:00  a.m. 

November  25 
a.m. 


Two  frogs  injected. 

Bodily  movements  notably  impaired.  Respiration  in- 
creased. Hind  legs  drawn  up  with  great  difficulty 
and  usually  remain  abducted  (as  in  picrotoxin  effect). 

Paralyzed.  Perfectly  limp.  When  placed  on  back, 
make  no  attempt  to  turn  over.  Leg  reflex  on  stimu- 
lation. 

Sink  in  water. 

Hearts  beating  feebly. 

No.  5 — Dead. 

No.  6 — ^Weak  strychnine-like  spasms. 
No.  6 — Spasms  only  on  stimulation. 
No.  6 — Spasms  only  on  stimulation  with  extreme  opis- 
thotonus. 

No.  6 — Spasms  only  on  stimulation  with  extreme  epis- 
thotonus. 

No.  6 — Continuous  spasms  with  opisthotonus;  increased 
on  stimulation.     This  condition  continued  until 

Animal  died. 


Experiment  4-     Frog — 25  mg.  equal  to  1  mg.  per  gram 

January  21 

2:00  p.m.  Injection. 

2:05  Irritability  increased. 

2 :07  Clumsiness,  loss  of  ability  to  draw  up  legs. 

2:15  Profound  paralysis — no  recovery.     Died  during  night. 

Experiment  5.     Cat — Weight,  2.1  kilo.     Dose.  4-8  mg.  per  kilo 

November  15 

1 :35  p.m.     Ten  milligrams  injected. 

5:35  Nervous,  easily  angered.     Clumsy,  legs  stiff  and  drawn 

up  slowly.     Walking  difficult. 
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November  16 

8:30  a.m.     Irritable.     Spasmodic  jerks  on  tactile  stimulation  if  sud- 
den.    Walks  with  abdomen  close  to  the  floor. 
5:30  p.m.     Normal.     No  symptoms  appeared  for  a  week. 

Experiment  6.     Cat — Weight,  3.1  kilo.     Dose,  8  mg.  per  kilo 

November  15 

1 :25  p.m.     Twenty-five  milligrams  injected. 

4:25  Slightly  irritable,  timid.     Crouches  in  corner  of  cage. 

No  spasms  on  stimulation. 
5:25  On  jarring  the  cage,  animal  has  a  single  clonic  spasm 

which    apparently    involves    all    muscles.     Elicited 
.     repeatedly  on  stimulation  and  varies    to  a  certain 
extent  with  the  stimulus.     The  animal  has  some  power 
of  inhibiting  these   sudden   contractions,    especially 
when  it  sees  the  approach  of  the  stimulus.     Muscles 
between  the  spasms  are  in  extreme  tonus  and  tremors 
can  be  felt.     Consciousness  seems  to  be  diminished. 
There  are  no   eye  or  other  symptoms  that  resemble 
morphine. 
November  16 
•     8:00  a.m.     Animal  found  dead  in  cage. 

Other  frogs  were  pithed  and  injected  with  similar  amounts  of 
isocalycanthine,  after  ligation  of  the  right  leg  under  the  exposed 
sciatic  nerve,  and  the  sciatics  stimulated  from  time  to  time.  The 
threshhold  stimulus  of  the  left  nerve  was  found  to  be  somewhat 
increased  and  the  corresponding  limb  became  fatigued  on  tetanic 
stimulation  much  sooner  than  the  ligated  control. 

The  action  in  the  frog,  then,  is  increased  irritability,  followed 
by  clumsiness  and  impairment  of  bodily  movement.  This  is 
succeeded  by  a  distinct  paralysis,  if  th,e  dose  be  large  (over  0.2  mg. 
per  gram  frog);  later  convulsions  appear,  resembling  strychnine 
spasms  but  differing  in  being  long  sustained  and  accompanied  by 
extreme  opisthotonus.  Very  strong  doses  may  kill  the  animal 
without  spasms  appearing. 

Cats  show  successively:  increased  reflexes,  clumsiness  and  im- 
pairment of  body  movement  with  a  peculiar  stiffness  of  the  legs 
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Tracing  I.    Myocardiogram  of  Turtle's  Heart  with  1  per  cent  Isocaly- 
CANTHiNE  Hydrochloride  Irrigation 
Suspension  Method.     1,  normal;  2,  five  minutes  after  irrigation  with  5  mgm. 
of  the  drug;  3,  after  ten  minutes  irrigation. 
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in  walking.  Toxic  doses  further  produce  increased  muscular 
tonus  and  extreme  excitability  so  that  the  slightest  stimulus  causes 
the  animal  to  execute  a  single  spasmodic  jump  which,  however, 
if  anticipated,  may  be  partially  inhibited. 

Action  on  the  circulation 

Heart  tracings  were  made  with  the  frog,  turtle  and  cat.  Blood 
pressure  was  taken  from  the  rabbit,  dog  and  cat.  In  general,  the 
heart  beat  is  greatly  decreased,  both  in  rate  and  amplitude,  the 
effect  being  immediate  but  transient.  Toxic  doses  stop  the  heart 
in  diastole.  Irrigation  with  even  a  few  drops  of  1  per  cent  iso- 
calycanthine  causes  a  perceptible  slowdng  of  the  frog's  heart, 
while  larger  doses  stop  it  entirely.  With  turtles  5  mg.  cause  a 
pronounced  slowing  and  10  stop  the  heart  quickly  (tracing  I). 
WMle  the  heart  rate  is  rapidly  altered  in  these  two  animals,  it  is 
to  be  noticed  that  the  decrease  in  amplitude  does  not  come  on 
until  later.  In  cats,  however,  both  the  rate  and  amplitude  are 
simultaneously  diminished  directly  after  the  injection.  The  heart 
becomes  immensely  dilated  and  the  coronary  vessels  are  distended 
with  blood.  If  the  dose  is  non-fatal,  the  immediate  depressing 
effect  lasts  less  than  a  half  of  a  minute  and  is  followed  by  a  gradual 
recovery  to  normal  within  four  or  five  minutes.  A  dose  of  6  mg. 
per  kilo  stops  the  heart  entirely.  Repeated  injections  (ranging 
from  2  to  4  mg.  per  kilo)  at  five-minute  intervals  give  uniform 
results  except  a  slight  decreased  toxicity  for  each  succeeding  dose. 
The  striking  fact  is  that  this  toxicity  is  shown  in  the  ventricles; 
the  auricular  beats,  while  visibly  slowed,  are  always  strong. 
Stimulation  shows  the  vagi  to  be  active  and  previous  paralysis 
of  the  vagus  endings  by  atropine,  does  not  alter  the  isocalycan- 
thine  curve. 

With  blood  pressure  the  effect  varies  with  the  dose.  In  one 
experiment  with  a  2-kilo  rabbit  2  mg.  caused  a  sHght  temporary 
fall;  5  mg.  resulted  fatally.  In  an  8-kilo  dog,  200  mg.  injected  20 
mg.  at  a  time  in  rapid  succession,  was  accompanied  by  some  fall 
in  blood  pressure  which  was  temporary  and  did  not  prove  fatal. 
There  is  produced  in  cats  a  marked  drop  in  blood  pressure  which 
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tracing  II  shows  to  be  exactly  parallel  with  the  depressing  efifect 
upon  the  heart.  Tracing  III  demonstrates  that  the  blood  pressure 
may  be  maintained,  during  an  injection,  by  epinephrine  and  that 
the  heart  depression  persists  independently  of  the  arterial  pressure. 
However,  the  fatal  dose  of  isocalycanthine  for  cats  is  found  to  be 
considerably  increased  by  giving  epinephrine  with  the  isocaly- 
canthine. 

Because  of  the  shortness  but  intensity  with  which  the  alkaloid 
acts  upon  the  circulation,  attempts  were  made  to  determine  the 
efifect  of  injections  other  than  by  the  usual  method  through  the 
femoral  vein.  In  introduction  of  the  drug  by  way  of  the  mesen- 
teric veins  or  the  femoral  artery,  the  blood  pressure  curve  is  the 
same,  except  that  the  onset  in  the  former  comes  on  a  few  seconds 
earher  and  in  the  second  a  half  of  a  minute  later.  Isocalycanthine 
mixed  wdth  defibrinated  blood  drawTi  from  the  same  animal  gave 
similar  results.  It  was  found  in  addition  that,  after  repeating 
a  given  dose  several  times,  the  effect  of  each  successive  dose  be- 
comes less  and  less  so  that  the  depression  following  the  sixth  or 
seventh  injection  may  be  only  one-half  or  one-third  of  the  original. 

QUATERNARY   CHLORIDE 

This  salt  is  difficultly  soluble  in  water.  To  make  a  ^  per  cent 
solution  of  it,  in  physiological  salt  solution,  a  trace  of  HCl  was 
added,  the  resulting  reaction  being  a  faint  acidity  to  htmus.  Con- 
trol experiments  show  that  this  trace  of  acid  may  be  disregarded. 

Action  on  the  nervous  system 

Frogs  and  dogs  were  used.  These  were  injected  in  the  same  way 
as  the  animals  in  the  series  on  isocalycanthine. 

Experiment  7.     Frogs — 5  mg.  equal  to  0.2  mg.  per  gram 

November  13 

3:00  p.m.     Two  frogs  injected. 

3:10  Can  hop  but  have  great  difficulty  in  drawing  up  hind 

limbs. 
3:40  Move  legs  voluntarily  when  stimulated. 
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November  14 

9:00  a.m.     No.  1 — Is  able  to  move  slightly. 

No.  2 — Appears  lifeless  but  muscles  respond  to  direct 
stimulation. 
2:00  p.m.     No.  1 — Recovered.     No.  2 — Paralyzed. 
November  16 

8:00  a.m.     No.  1 — Recovered.     No.  2 — Dead. 


Experiment  8.     Frogs — 10  mg.  eqtml  to  0.4  mg.  per  gram 


November  14 
3:04  p.m. 
3:08 

3:14 
3:20 

November  15 

November  16 
8:00  a.m. 


Two  frogs  injected. 

Distinctly  paralyzed.  Great  difficulty  in  drawing  up 
hind  limbs.     Muscles  show  a  slight  tremor. 

Can  move  front  legs  but  hind  legs  paralyzed. 

Complete  paralysis.  Muscles  contract  on  direct  stimu- 
lation.    Eyes  dilated. 

Paralysis. 

Both  dead. 


Parallel  experiments  always  gave  the  same  typical  paralysis. 
In  one,  both  sciatic  nerves  were  isolated  for  three-quarters  of  an 
inch,  the  left  leg  ligated  under  the  exposed  nerve  to  exclude  the 
circulation,  and  the  drug  injected  as  above.  After  paralysis  was 
pronounced,  the  normal  Unab  responded  to  muscle  stimulation 
only,  while  the  ligated  limb  contracted  on  both  sciatic  and  muscle 
stimulation.  Isolated  muscle-nerve  preparations  also  gave  simi- 
lar results. 

A  young  pup  weighing  1050  grams  was  given  35  mg.  of  the  quat- 
ernary base  by  mouth.  In  the  following  six  hours  and  afterwards 
the  animal  was  fairly  lively,  showed  no  awkwardness  in  move- 
ments and  appeared  entirely  normal. 

In  frogs,  then,  injection  is  followed  by  impairment  of  motion, 
leading  to  a  paralysis  in  which  the  somatic  muscles  respond  to 
direct  stimulation  but  not  to  nerve  stimulation.  When  given 
per  OS  to  mammals  no  toxic  signs  develop. 
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Action  on  the  circulation 

The  effect  of  the  quaternary  base  on  the  heart  of  the  frog,  turtle 
or  cat  is  negative  even  with  large  amounts.  It  is  to  be  remem- 
bered in  this  connection  that  the  drug  is  soluble  only  in  fifty  parts 
of  water  and  so  must  be  used  in  a  relatively  dilute  form. 

DISCUSSION 

The  isocalycanthine  action  is  exerted  mainly  upon  the  central 
nervous  system  and  the  heart.  Like  many  other  drugs  which 
stimulate  the  nervous  system,  it  produces  partial  depression  of 
peripheral  motor  nerve  endings,  when  given  in  relatively  large 
doses.  The  nervous  effect  is  slow  in  onset  and  characterized  by 
slight  increased  irritability,  a  pronounced  subsequent  depression, 
followed  by  convulsions  which,  however,  may  not  appear  for  a 
considerable  time.  These  resemble  strychnine  spasms  in  type 
but  differ  from  the  latter  by  the  previous  depression  and  late 
onset  as  well  as  the  involvement  of  the  higher  nerve  centers,  the 
removal  of  which  lessens  but  does  not  prevent  the  spasms.  They 
are  also  similar  to  picrotoxin  spasms  in  the  way  the  legs  are  ab- 
ducted but  to  a  lesser  degree.  The  long  sustained  contractions 
resemble  those  described  by  Harnack  for  the  sulphides  (5) .  The 
extreme  opisthotonus  especially  involving  the  head,  also  points 
to  an  action  upon  the  medullary  centers.  Apparently  the  higher 
brain  centers  are  not  involved  until  late  since  the  frog  retains  its 
sense  of  position  long  after  the  onset  of  symptoms  and  the  cat  can 
voluntarily  inhibit  its  exaggerated  reflexes. 

Isocalycanthine  depression  of  the  heart  is  immediate  but  tran- 
sient. It  is  not  affected  by  atropine  and  hence  must  be  muscular. 
Only  the  ventricles  are  involved  and  the  heart  stops  in  diastole. 
The  toxic  effect  lasts  for  a  few  minutes  at  most  and  repeated  injec- 
tions show  that  the  action  is  not  accumulative.  Hence  the  drug 
may  be  (a)  rapidly  oxidized,  (b)  stored  away  in  the  other  tissues, 
(c)  be  effective  only  while  it  enters  the  heart  muscle  (similar  to 
Straub's  theory  (6)  for  epinephrine  and  muscarine  action).  The 
fall  in  blood  pressure  is  simultaneous  with  the  heart  depression 
which  occurs  even  when  the  blood  pressure  is  maintained  by  epi- 
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nephrine,  whence  it  follows  that  the  low^ering  of  pressure  is  not  the 
cause  but  the  effect  of  the  heart  action.  Since  normal  defibri- 
nated  blood  acting  upon  the  alkaloid  from  ten  to  thirty  minutes 
at  40°  C.  does  not  alter  its  subsequent  action  either  in  intensity 
or  character,  and,  since  injections,  such  that  the  drug  passes 
either  through  the  peripheral  capillary  or  the  portal  circulation, 
alter  the  cardiac  depression  only  in  rapidity  of  onset,  neither  the 
first  nor  the  second  explanation  accounts  for  the  brevity  of  the 
action.  Regarding  the  third  explanation,  it  will  be  noted  that, 
with  repeated  injections,  a  smaller  depression  is  produced  by  each 
succeeding  dose.  But  this  is  to  be  expected,  if,  as  in  epinephrine 
action,  the  toxicity  of  any  given  dose  depends  not  upon  the  abso- 
lute concentration  of  the  drug  in  the  blood  but  upon  the  relative 
difference  of  concentrations  between  the  blood  and  the  ''recep- 
tive substance." 

The  quaternary  chloride  has  a  typical  curare-like  action  of 
paralyzing  somatic  motor  nerve  endings,  but,  like  quaternary 
bases  in  general,  has  no  definite  action  upon  the  heart  or  central 
nervous  system. 

CONCLUSIONS 

1.  Judged  from  the  pharmacological  action,  calycanthine  and 
isocalycanthine  are  identical. 

2.  The  latter  is  a  powerful  but  transient  heart  depressant, 
either  when  applied  directly  or  when  injected  intravenously.  The 
action  is  muscular  since  the  effect  persists  with  the  maintenance 
of  blood  pressure  and  is  not  changed  by  atropine,  or  by  cutting  the 
vagi. 

3.  It  causes  a  prompt  temporary  decrease  of  blood  pressure 
which  is  the  result  of  the  simultaneous  heart  depression.  The 
brevity  of  action  is  not  the  result  of  oxidation  of  the  drug  in  the 
blood  or  its  absorption  into  the  other  tissues  but  would  seem  to 
depend  upon  the  factor  of  its  penetration  into  the  heart  muscle 
itself. 

4.  In  mammals  the  dose  fatal  to  the  action  on  the  heart  is 
increased  by  simultaneous  injections  of  epinephrine. 
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5.  The  action  on  the  central  nervous  system  consists  of  a  pri- 
mary stimulation,  followed,  in  frogs,  by  a  marked  secondary 
depression  but  leading  again  to  an  increased  irritability  which 
brings  on  spasms,  resembling  both  strychnine  and  picrotoxin 
convulsions.  In  mammals  these  latter  two  stages  are  less  evident, 
the  second  often  being  absent  and  the  third  stage  showing  exag- 
gerated reflexes  only.  The  lower  brain  centers  as  well  as  the  cord 
seem  to  be  involved,  while  the  higher  brain  centers  are  not  affected 
until  late  after  the  onset  of  symptoms. 

6.  A  typical  curare-like  action  is  exerted  by  the  quaternary 
base  of  isocalycanthine. 
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The  Toxicity  of  Caffein.^'^  William  Salant  and  J.  B.  Reiger. 
From  the  Pharmacological  Laboratory,  Department  of  Agri- 
culture, Washington,  D.  C. 

The  toxicity  of  caffein  in  the  rabbit  varies  with  the  mode  of 
its  administration,  being  least  when  given  by  mouth  and  greatest 
by  intravenous  administration.  The  toxicity  is  about  from  15 
to  20  per  cent  greater  by  subcutaneous  injection  than  by  mouth, 
but  is  about  half  of  this  when  injected  into  the  peritoneal  cavity. 
No  difference  was  observed  in  the  toxicity  of  caffein  whether 
administered  into  gluteal  or  into  the  lumbar  muscles.  When 
introduced  by  this  route  the  toxicity  was  found  to  be  less  by  one- 
third  than  when  it  is  injected  into  the  peritoneal  cavity,  but  is 
about  30  per  cent  more  toxic  than  the  subcutaneous  injection. 
White  or  black  rabbits  were  found  to  be  less  resistant  to  caffein, 
than  gray  rabbits.  The  resistance  of  the  guinea  pig  to  caffein, 
as  in  the  rabbit,  is  greatest  when  given  by  mouth.  The  minimum 
fatal  dose  is  less  by  intraperitoneal  injection  but  greater  than 
by  subcutaneous  injection,  thus  differing  from  the  rabbit  in  this 
regard.  Cats  are  less  resistant  to  caffein  than  guinea  pigs  or 
rabbits.     The  minimum  lethal  dose  by  mouth  in  the  cat  is  the 

1  A  detailed  study  will  appear  soon  in  Bulletin  148,  Bureau  of  Chemistry. 
*  Presented  by  permission  of  the  Secretary  of  Agriculture. 
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same  as  by  subcutaneous  injection,  but  is  less  when  given  by 
the  intraperitoneal  route.  The  toxicity  of  caffein  for  white 
mice  varies  according  to  season,  being  twice  as  toxic  in  the  early 
fall  as  in  the  spring,  when  resistance  to  caffein  is  about  the  same 
as  that  of  the  guinea  pig.  But  its  resistance  to  caffein  in  the 
fall  was  less  than  that  of  animals  of  other  species  employed  in  the 
present  research.  The  tolerance  of  the  white  rat  for  caffein  is 
about  the  same  as  that  of  the  pigeon.  No  effect  of  season  was 
noticed.  The  toxicity  was  the  same  whether  caffein  was  intro- 
duced into  the  peritoneal  cavity  or  into  the  subcutaneous  tis- 
sues. The  minimum  fatal  doses  for  dogs  was  found  to  be  the 
same  by  mouth  as  by  subcutaneous  injection,  and  is  almost  the 
same  as  for  the  cat.  The  resistance  of  the  pigeon  to  caffein  is 
very  much  the  same  as  that  of  the  herbivora,  but  it  approaches 
more  nearly  the  guinea  pig  than  the  rabbit  in  this  regard.  The 
toxicity  varies  much  more  in  different  individuals  when  given 
by  mouth  than  when  injected  subcutaneously.  The  toxicity  of 
caffein  varies  in  the  guinea  pig  according  to  season  and  this  seems 
to  be  the  case  also  in  mice.  Age  is  likewise  a  factor  in  the  toxi- 
city of  caffein,  young  animals  being  more  resistant  than  the  full 
grown  and  older  animals.  This  was  shown  in  experiments  on 
rabbits,  cats  and  dogs.  The  symptoms  of  caffein  poisoning  were 
also  different  in  puppies  and  full  grown  dogs.  Diet  such  as 
carrots  and  oats  did  not  influence  the  resistance  of  rabbits  and 
guinea  pigs  to  caffein.  Low  protein  diet  tends  to  decrease  resist- 
ance to  caffein  in  dogs.  Young  growing  dogs  are  less  resistant 
to  caffein  on  a  meat  than  on  a  milk  diet.  Caffein  is  not  cumula- 
tive in  the  rabbit  or  dog,  even  if  administered  for  a  considerable 
length  of  time.  A  mild  tolerance  may  be  induced  in  the  rabbit 
under  certain  conditions,  but  not  in  dogs  under  the  condition  of 
the  experiments  made  in  this  investigation.  The  possibility, 
however,  that  dogs  may  acquire  tolerance  for  caffein  is  not  ex- 
cluded. Although  the  rabbit  tolerates  a  much  larger  single  dose 
of  caffein  than  the  dog,  it  was  found,  in  experiments  on  chronic 
caffein  intoxication,  that  the  rabbit  is  less  resistant  to  caffein 
than  the  dog.  The  toxicity  of  caffein  is  increased  under  some 
pathological  conditions,  since  comparatively  smaller  doses  proved 
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to  be  fatal  to  rabbits,  cats  and  dogs,  when  marked  lesions  not 
due  to  caffein  were  found  at  autopsy.  Glycosuria  was  observed 
in  rabbits,  guinea  pigs  and  cats  when  caffein  was  given  in  suffi- 
cient amounts. 

The  Physiological  Action  of  Salts  of  Choline.  By  R.  R.  Renshaw, 
Frank  P.  Underhill,  and  Lafayette  B.  Mendel.  From  the 
Chemical  Laboratory  of  Wesleyan  University,  Middletown, 
Conn.,  and  the  Sheffield  Laboratory  of  Physiological  Chemis- 
try, Yale  University,  New  Haven,  Conn. 

The  salts  of  choline  and  related  compounds  have  lately  attracted 
attention  in  view  of  their  observed  occurrence  in  animal  tissues 
and  possible  significance  as  hormones.  Choline  salts  have  gen- 
erally been  stated  to  exhibit  a  transitory  depressor  effect  on  the. 
circulation;  but  Popielski  and  Modrakowski  have  ascribed  this 
to  the  action  of  contaminating  substances  or  decomposition 
products  and  insist  that  pure  choline  salts  exert  a  pressor  effect,  if 
anything.  Renshaw's  investigations  on  the  synthesis  of  choline 
have  given  us  opportunity  to  make  a  physiological  study  of 
exceptionally  pure  synthetic  choline  salts  with  the  outcome  that 
we  have  never  failed  to  observe  the  characteristic  transitory  fall  of 
arterial  pressure.  This  is  not  profound  or  prolonged,  but  is 
never  absent  even  when  fractions  of  a  milligram  of  choline  salts 
are  injected.  The  "contamination"  theory  is  rendered  improb- 
able by  the  fact  that  choline  salts  showed  no  quantitative  differ- 
ences in  this  physiological  effect  when  different  specimens  of  pre- 
sumably unequal  purity,  separated  by  fractional  precipitation, 
were  investigated.  One  milligram  of  odorless  choline  chloride 
obtained  after  fifteen  fractional  precipitations  gave  the  usual 
typical  response.  1  Products  purified  by  the  platinic  chloride 
separation  especially  recommended  by  Modrakowski  showed  no 
diminution  in  their  depressor  characteristics.  If,  as  Popielski 
claims,  a  deteriorating  decomposition  readily  sets  in,  this  is 
contrary  to  our  experience ;  for  pure  odorless  salts  preserved  nearly 
two  years  showed  no  quantitative  exaggeration  of  their  capacity 

»  Cf.  Mendel  and  Underhill:  Zentralblatt  fur  Physiologic,  1910,  xxiv,  No.  7. 
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to  lower  blood  pressure.  The  fall  of  pressure  can  therefore 
scarcely  be  attributed  to  decomposition  products,  since  it  is 
doubtful  if  properly  prepared  and  preserved  choline  salts  readily 
decompose. 

The  investigation  has  included  a  study  of  both  the  chloride  and 
sulphate  of  choline.  The  typical  depressor  reaction  is  aboli^ed 
by  atropin,  but  not  by  cutting  the  vagi.  Our  experience  in  gen- 
eral agrees  with  the  recently  published  observations  of  Lohmann, 
and  Abderhalden  and  Miiller  in  indicating  that  the  views  pro- 
mulgated by  Popielski  and  his  pupils  about  choline  salts  are  not 
tenable. 

The  Seasonal  and  Sex  Variations  of  Rana  pipiens  to  Digitalis. 
Worth  Hale.  From  the  Pharmacological  Laboratory,  United 
States  Public  Health  and  Marine  Hospital  Service. 

A  question  of  importance  in  connection  with  the  use  of  frogs 
as  test  animals  in  assaying  the  digitalis  series  of  heart  tonics  is 
that  of  their  variability  dependent  on  sex  and  season.  In  the 
course  of  the  routine  examination  of  digitalis  during  a  period  of 
three  years,  observations  have  been  made  on  both  these  points 
which  are  not  in  accord  with  the  reports  made  by  certain  Euro- 
pean investigators,  Schmiedeberg,  Focke,  Dixon  and  others,  to 
the  effect  that  in  both  these  particulars  the  European  frog  Rana 
temporaria  varies  from  30  to  100  per  cent  in  its  reaction. 

In  my  work  Rana  pipiens  was  used  exclusively,  the  animals 
being  received  at  different  seasons  from  the  dealer  and  were  kept 
at  the  laboratory  in  wet  cages  at  a  temperature  of  10°  to  15° 
Centigrade.  They  were  brought  from  the  tanks  to  the  operating 
room  and  tested  at  a  uniform  temperature  of  22°  Centigrade  in 
their  reaction  to  various  digitalis  preparations  by  the  one  hour 
method.  The  results  of  tests  made  at  different  seasons  as  shown 
by  the  following  table  indicates  that  Rana  pipiens  does  not  vary 
in  reaction  over  10  per  cent,  the  limit  of  accuracy  of  the  method, 
in  activity  from  March  to  December,  inclusive. 

Females  even  at  the  mating  season  have  not,  on  account  of 
their  greater  weight  from  the  enlargement  of  the  egg  sac,  been 
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found  more  susceptible  to  digitalis  when  the  dose  is  estimated  per 
gram  of  body  weight. 


!  NOVElfBEB 

PRKPARATIOM                                   j  IIAKCH  TO  APRIL          JtTLT  TO  AtTQCST      i                      TO 

I  I                                                  j  DECBlfBKB 

Digitalin  (French) 0.000,013           0.000,012  0.000,012 

Digitoxin i  0.000,008,5        0.000,008  0.000,008,5 

Strophanthin I  0.000,000,55      0.000,000,525  0.000,000,5 

Digitalin  (German) 0.000,022       j    0.000,021  0.000,023 

Tincture  Digitalis  1 0.007,5           ;    0.007,5 


The  Action  of  Diuretics  in  Uranium  Nephritis.  Wm.  deB.  Mac- 
Nider.  From  the  Pharmacological  Laboratory,  University 
of  North  Carolina. 

The  following  summary  is  based  upon  results  obtained  in  nine- 
teen animals  (dogs)  with  a  uranium  nephritis.  Four  animals  were 
used  as  controls. 

Early  in  a  uranium  nephritis  there  is  a  shght  increase  in  the 
total  output  of  urine.  At  this  stage  of  the  nephritis  the  epithe- 
lium is  but  Httle  involved. 

Usually  within  the  first  twenty-four  hours  of  the  nephritis  the 
animals  develop  a  glycosuria.  The  nephritic  animals  then  be- 
come highly  polyuric. 

Following  an  anesthetic,  either  morphin,  ether  or  Gr^hant's 
mixture,  the  animals  either  become  completely  anuric  or  the 
output  of  urine  is  greatly  reduced. 

Such  animals  under  the  influence  of  caffein,  theobromin,  digi- 
talin and  0.9  per  cent  salt  solution,  show  a  normal  response 
in  the  general  rise  of  blood  pressure  and  in  the  vascular  response 
of  the  kidney. 

In  certain  of  these  animals  the  flow  of  urine  is  influenced  by 
these  diuretics,  in  others  it  is  uninfluenced.  The  most  marked 
and  most  constant  diuretic  effect  is  obtained  from  0.9  per  cent 
sodium  chloride. 

In  general,  the  vascular  pathology  is  similar  in  the  diuretic  and 
anuric  animals. 
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In  the  anuric  animals  the  epithelium  has  either  greatly  en- 
croached upon  or  occluded  the  lumen  of  the  tubules,  while  in  the 
diuretic  animals  the  encroachment  of  the  epithelium  upon  the 
tubular  lumen  is  less  marked. 

In  the  four  nephritic  andpolyuric  animals  which  were  killed  prior 
to  an  anesthetic  the  vascular  pathology  is  in  general  similar  to 
the  vascular  pathology  seen  in  the  anuric  and  diuretic  animals. 
The  renal  epithelium,  however,  not  only  shows  no  swelling,  but 
provided  the  kidney  be  from  an  animal  with  an  early  uranium 
nephritis  the  epithelium  shows  a  relative  shrinkage.  For  details 
see  paper  by  the  author  in  this  number  of  the  Journal. 

Intramuscular  versus  Subcutaneous  Absorption.  L.  G.  Rowntree 
and  J.  T.  Geraghty.  From  the  Pharmacological  Laboratory, 
The  Johns  Hopkins  University. 

To  appear  in  an  early  number  of  the  Archives  of  Internal 
Medicine. 

Peritoneal  and  Pleural  Absorption.  W.  E.  Dandy  and  L.  G. 
Rowntree.  From  the  Pharmacological  Laboratory,  The  Johns 
Hopkins  University. 

By  determining  the  quantitative  excretion  of  phenolsulphone- 
phthalein  in  the  urine,  it  was  shown  that  the  absorption  from 
the  upper  part  of  the  pleural  and  peritoneal  cavities  is  much 
greater  than  that  from  the  lower  part  of  these  cavities. 

Studies  of  Renal  Function  in  Experimental  Nephritides.  L.  G- 
Rowntree  and  R.  Fitz.  From  the  Pharmacological  Labora- 
tory, The  Johns  Hopkins  University. 

By  means  of  various  functional  tests  it  is  possible  to  determine 
in  experimental  nephritides  whether  the  vascular  or  the  tubular 
system  is  involved.  In  cases  where  both  systems  are  involved, 
it  is  possible  to  demonstrate  which  one  is  preponderantly  dis- 
eased. The  tests  are  now  being  applied  in  the  clinic  in  an  effort 
to  classify  the  various  forms  of  nephritis. 
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Two  Crystalline  Pharmacologicql  Agents  Obtained  from  the  Trop- 
ical Toad,  Bufo  aqua.     John  J.  Abel  and  D.  I.  Macht. 

Has  appeared  in  no.  3,  vol.  iii  of  this  Journal,  pp.  319-377. 

Upon  the  Action  of  Protein  Poison.     C.  W.  Edmunds.     From  the 
Pharmacological  Laboratory,  University  of  Michigan. 

The  work  was  carried  on  with  the  toxic  portion  of  the  protein 
molecule  prepared  according  to  the  method  of  V.  C.  Vaughan, 
by  treating  the  protein  (in  this  instance  casein)  with  an  alcoholic 
solution  of  NaOH.  Injected  into  frogs  the  general  sjmaptoms 
were  those  of  depression.  There  was  an  almost  complete  paraly- 
sis of  the  motor  nerves,  similar  to  that  produced  by  curara.  The 
exposed  heart  showed  very  little  change  in  rate,  but  was  consider- 
ably weakened.  Most  of  the  work  upon  mammals  which  has 
been  carried  out  up  to  the  present  time  has  been  done  on  dogs. 
These  show  a  very  considerable  fall  in  blood  pressure  when  doses 
of  about  100  mg.  are  injected.  The  pressure  may  fall  as  low  as 
25  mm.  Hg,  and  this  low  pressure  is  associated  with  a  paralysis 
of  the  vasomotor  nerves  in  the  splanchnic  area.  The  point  of 
action  would  seem  to  be  upon  the  nerve  terminations  rather  than 
upon  receptive  substance  or  muscle.  Adrenalin  will  raise  the 
blood  pressure,  as  will  also  digitalis  and  barium  chloride.  Digi- 
taUs  will  raise  the  pressure  to  a  higher  point  than  it  was  before 
the  casein  poison  was  given,  but  whether  it  does  so  by  constricting 
the  paralyzed  vessels  has  not  been  fully  ascertained  as  yet;  but 
it  is  believed  that  other  factors,  such  as  the  action  upon  the  heart, 
aid  in  the  recovery.  Investigations  are  being  carried  on  at  pres- 
ent as  to  the  effect  of  the  casein  product  upon  the  heart,  and  the 
role  played  by  this  organ  in  producing  the  fall  of  blood  pressure. 

There  is  very  little  effect  upon  the  respiration,  merely  a  slight 
acceleration,  probably  secondary  to  the  circulatory  disturbance. 

The  action  upon  the  cat  as  far  as  examined,  resembles  very, 
closely  that  upon  the  dog.  The  symptoms  produced  in  the  dog 
are  quite  similar  to  those  described  by  Biedl  and  Kraus,  as  being 
characteristic  of  anaphylactic  shock  in  that  animal. 
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Chronic  Chloral  Poisoning.  Georpe  B.  Wallace.  From  the  Phar- 
macological Laboratory,  The  University  and  Bellevue  Hospital 
Medical  College. 

Experiments  were  described  in  which  gradually  increasing  doses 
of  chloral  were  given  daily  by  the  stomach  to  dogs.  As  chloral 
is  changed  in  the  body  to  trichlorethylalcohol,  and  this  unites 
with  glycuronic  acid,  forming  the  inert  urochloralic  acid,  it  was 
thought  that  the  formation  of  this  combination  would  keep  pace 
with  the  increasing  amount  of  chloral  given,  and  by  means  of  this 
protective  agency  a  tolerance  be  established.  The  results  of  the 
experiments  may  be  summarized  as  follows: 

1.  The  earlier  doses  of  chloral  produce  vomiting,  but  later  the 
stomach  becomes  tolerant  to  the  drug  and  vomiting  does  not 
occur.  This  local  tolerance  is  common  to  gastric  irritants.  When 
large  doses,  5  grams  or  more,  are  given  daily,  a  gradually  increas- 
ing looseness  of  the  bowels  results,  which  eventuates  in  a  diar- 
rhoea.    The  chloral  given,  however,  is  absorbed. 

2.  As  far  as  symptoms  of  depression  of  the  nervous  system  are 
concerned  only  a  slight  degree  of  tolerance  is  obtained.  After 
doses  sufficient  to  induce  narcosis  are  reached,  the  gradual  increase 
in  dosage  still  brings  about  complete  narcosis,  but  its  duration 
becomes  less.  The  tolerance  of  the  nervous  system  is  not  marked 
therefore  and  is  comparable  to  that  from  alcohol. 

3.  As  the  dose  is  increased  no  change  in  metabolism,  as  meas- 
ured by  total  nitrogen  and  urea  is  seen,  and  the  animal  maintains 
a  fairly  constant  weight.  After  daily  doses  of  5  grams  or  more,  the 
ammonia  rises  however,  and  may  reach  twice  the  normal  figure. 
The  urine  gives  no  qualitative  reactions  for  acetone,  or  diacetic 
or  oxybutyric  acid.  Albuminuria  finally  appears.  The  urine 
contains  no  sugar. 

4.  The  chloral  excretion  takes  place  through  the  kidney  and 
was  calculated  quantitatively  by  the  amount  of  organic  chloride 
'in  the  urine.  The  exact  forms  in  which  it  is  excreted,  i.e.,  the 
relative  amount  of  free  chloral,  trichlorethyl  alcohol,  etc.,  have 
not  yet  been  determined.  Calculated  as  chloral  from  the  organic 
chlorides  eliminated,  with  small  doses  from  70  to  85  per  cent  of 
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the  chloral  ingested  is  excreted  within  eighteen  hours.  As  the 
dose  increases  this  percentage  increases  sHghtly.  A  breaking 
up  of  the  chloral  molecule,  therefore  does  not  occur. 

5.  The  glycuronic  acid  excretion  as  determined  by  the  method 
of  Tollens  runs  fairly  parallel  to  that  of  the  chloral.  Thus  after 
a  dose  of  2  grams  chloral,  1.73  grams  chloral  and  1.35  grams  gly- 
curonic acid  were  excreted.  After  8  grams  chloral,  7.21  grams 
chloral  and  6.21  grams  glycuronic  acid  were  excreted.  With  the 
smaller  dose  therefore,  0.75  grams  chloral  and  with  the  larger  2.6 
grams  chloral  were  not  paired  with  glycuronic  acid. 

It  may  be  said  in  conclusion  that  although  the  change  of 
chloral  to  trichlorethylalcohol  and  the  pairing  of  this  with  gly- 
curonic acid  is  of  the  nature  of  a  protective  mechanism,  it  can 
not  in  itself  bring  about  any  marked  tolerance  for  the  drug,  and 
rather  is  analogous  to  the  power  of  the  body  cells  to  destroy 
morphin  in  cases  of  morphine  tolerance. 

On  the  Duration  of  Irritability  of  the  Motor  Nerves  of  the  Frog 
after  Death  and  the  Effect  of  Strychnin  upon  It.  T.  S.  Githens 
and  S.  J.  Meltzer.  From  the  Department  of  Physiology  and 
Pharmacology,  Rockefeller  Institute  for  Medical  Research. 

The  statements  in  the  physiological  Uterature  regarding  the 
duration  of  irritability  of  the  motor  nerves  of  frogs,  refer  to  nerve 
muscle  preparations  kept  in  frogs  saUne  or  in  Ringer  solution. 
That  method  however,  can  not  be  used  for  a  study  of  the  after 
action  of  strychnin  upon  surviving  frogs  nerves,  since  the  solu- 
tions might  wash  out  the  alkaloid.  We  studied  the  surviving 
irritabihty  of  the  sciatic  nerve  in  legs  which  retained  their  skins 
and  in  most  cases  remained  in  their  natural  connection  with  the 
body  of  the  frog.  The  normal  control  frogs  were  killed  either  by 
destruction  of  brain  and  cord  or  by  excision  of  the  heart.  In  the 
strychnin  frogs  the  heart  was  either  intact  or  was  excised  before 
the  injection.  In  a  number  of  experiments  the  sciatic  nerves 
of  amputated  legs  were  studied.  The  dead  frogs  were  kept  moist 
in  the  refrigerator  and  were  taken  to  the  laboratory  only  once  or 
twice  a  day  for  the  purpose  of  testing  the  irritability. 
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The  frogs  belonged  to  the  species,  Rana  pipiens.  The  exper- 
iments were  carried  out  in  the  last  few  months. 

The  following  are  our  chief  results.  The  sciatic  nerves  of  animals 
which  received  no  strychnin,  remained  irritable  for  seven  or  eight 
days;  the  muscles  remained  irritable  one  to  three  days  longer. 
In  frogs  which  received  strychnin,  the  duration  of  the  irritability 
of  the  sciatic,  is  in  a  general  way,  in  inverse  proportion  to  the  dose; 
thus  in  frogs  which  received  about2mgs.  of  strychnin  per  gram  frog, 
the  irritability  was  generally  lost  in  less  than  twenty-four  hours, 
and  in  many  instances  the  peripheral  irritability  was  practically 
nil  a  few  hours  after  the  reflex  response  was  lost.  This  is  true 
whether  the  heart  was  intact  or  removed.  Since  the  loss  of 
irritability  of  the  nerve,  probably  means  in  this  case  that  loss 
of  irritability  of  the  nerve  ending,  it  is  evident  that  in  the  latter 
case,  the  strychnin  spreads  from  the  place  of  injection  to  the 
periphery  by  the  peripheral  mechanism  for  distribution,  that  is 
through  the  lymph  spaces.  The  irritability  was  lost  early  even 
if  the  sciatic  nerve  was  cut  previous  to  the  injection,  which  shows 
that  the  migration  does  not  necessarily  take  place  through  the 
lymph  spaces  of  the  nerve  trunk.  Except  in  two  or  three  in- 
stances, it  has  never  happened  that  the  irritability  was  markedly 
reduced  while  the  animals  still  showed  any  sign  of  life,  although 
2  mg.  of  strychnin  per  gram  frog,  is  surely  a  large  dose.  In  other 
words,  while  strychnin  is  capable  of  profoundly  depressing  the 
irritability  of  the  motor  nerves  of  the  frog,  which  normally  lasts 
long  after  death,  we  have  not  seen  that,  in  the  species  of  frog 
we  have  experimented  with,  it  exerts  a  curare  like  action  upon 
the  motor  nerves,  while  the  animals  are  still  alive. 

The  Effect  of  the  Digitalis  Group  Including  Anaphylaxis  upon 
Some  Skeletal  Muscles  in  Rabbits,  Especially  with  Regard  to 
Rigor.  J.  Auer.  From  the  Department  of  Physiology  and 
Pharmacology,  Rockefeller  Institute  for  Medical  Research. 

In  another  communication^  it  was  shown  that  the  acute  lethal 
cardiac  changes  in  anaphylaxis  of  the  rabbit  closely  resemble 

1  Proceedings  of  the  American  Physiological  Society,  December,  1911,  Balti- 
more meeting.     Amer.  J.  of  Physiol.,  1912,  xxix,  No.  iv,  p.  xvi. 
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those  which  are  produced  by  lethal  doses  of  the  ordinary  members 
of  the  digitalis  group,  and  for  this  reason,  the  changes  which 
serum  causes  in  the  skeletal  muscle  of  sensitized  rabbits  are 
included  in  this  report. 

Lethal  doses  of  digitalis  preparations  when  given  subcutane- 
ously,  intraperitoneally,  or  intravenously  cause  a  marked  loss 
of  irritability  of  the  skeletal  muscles,  so  that  usually  within 
fifteen  minutes  indirect  and  direct  stimulation  causes  no  response. 
Rigor,  however,  is  not  established  until  about  one  hour  has 
elapsed. 

In  rabbits  dead  from  acute  anaphylaxis  a  fair  irritability  of  the 
thigh  muscles  may  persist  up  to  one  hour.  Rigor,  however,  is 
usually  well  established  within  ten  minutes  in  the  arms,  and  in 
the  legs  within  three-quarters  of  an  hour. 

In  controls  killed  either  by  a  blow  on  the  neck,  by  medullary 
puncture  or  by  bleeding,  the  thigh  muscles  remain  irritable  longer 
than  one  hour,  and  rigor  is  not  well  developed  until  after  about 
two  hours. 

It  is  thus  shown  that  digitalis  and  especially  anaphylaxis  defi- 
nitely hasten  the  onset  of  rigor. 

On  a  Difference  between  the  Effects  of  Intravenous  and  Intra-aortic 
Injections  of  Curarin  in  Frogs.  D.  R.  Joseph  and  S.  J.  Meltzer. 
From  the  Department  of  Physiology  and  Pharmacology,  Rocke- 
feller Institute  for  Medical  Research. 

The  most  generally  known  action  of  curare  is  the  paralysis  of 
the  motor  nerve  endings.  This  knowledge  is  derived  from  intra- 
venous injections  into  mammals  and  injections  into  the  lymph 
sacs  of  frogs.  The  older  literature  contains  also  many  contradic- 
tory statements  regarding  the  action  of  curare  upon  the  central 
nervous  system.  When  one  leg  of  a  frog  was  excluded  from  the 
peripheral  action  of  curare  by  the  Claude  Bernard  method,  tetanic 
convulsions  of  that  leg  were  occasionally  observed  and  also  late 
paralysis  of  reflexes  was  noted.  About  twenty  years  ago  Tillie 
studied  the  entire  subject  with  the  pure  alkaloid  curarin  prepared 
by  Boehm.     Among  other  experiments,  TiUie  injected  curarin  into 
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one  of  the  aortae  after  tying  the  other  aorta  and  also  the  aorta  ab- 
dominahs  communis.  Convulsions  appeared  very  soon  and  lasted 
for  some  time.  Tillie  thinks  the  convulsions  were  due  to  the 
fact  that  by  this  method  a  larger  dose  of  curarin  was  brought  in 
contact  with  the  cord.  He  looks  upon  this  method  simply  as  an 
intravascular  application.  Tillie  does  not  mention  the  fate  of 
the  motor  nerve  endings  in  these  experiments  of  which  only  one 
protocol  is  given  and  it  is  not  stated  how  many  others  were  made. 
We  are  not  aware  that  Tillie's  experiments  were  ever  repeated. 
On  the  other  hand,  the  numerous  intravenous  injections  of  curare 
into  mammals  for  the  purpose  of  paralyzing  the  skeletal  muscles 
never  led  to  convulsive  movements  which  were  not  due  to 
asphyxia. 

Our  experiments  were  made  on  frogs,  mostly  Rana  pipiens, 
with  curarin  (Schuchardt).  The  chief  experiments  consisted  of, 
(1)  injections  into  the  common  aorta  without  any  further  ligation 
and  (2)  injections  into  the  abdominal  vein.  While  both  are 
intravascular  injections  and  in  both  methods  practically  the 
same  amount  of  curarin  may  be  carried  to  the  cord  as  well  as  to 
all  other  parts  of  the  body,  the  modes  of  injection  differ  in  one 
point,  namely,  that  after  the  intra-aortic  injection,  the  circulation 
ceases,  while  it  continues  to  be  active  after  the  intravenous  injec- 
tion. We  shall  mention  here  only  the  chief  results.  In  fifteen 
frogs  which  received  intra-aortic  injections  of  curarin,  convulsions 
set  in  between  a  fraction  of  a  minute  and  six  minutes  after  the 
injection,  lasted  between  one  and  seven  minutes  and  were  in  most 
cases  of  a  fairly  strong  character.  The  larger  the  dose  the  sooner 
the  convulsions  seemed  to  set  in,  but  the  shorter  their  duration 
and  the  milder  their  character.  The  cord  became  paralyzed, 
never  to  recover,  between  thirteen  to  twenty-two  minutes  after 
the  injection.  The  paralysis  of  the  motor  nerve  endings,  how- 
ever, appeared  quite  late.  The  earliest  was  sixty-three  minutes 
while  the  longest  was  about  twenty-four  hours.  In  fourteen 
frogs,  in  which  the  injections  were  given  into  the  abdominal  vein, 
we  see  another  picture.  In  six  there  were  no  convulsions  at  all 
and  in  the  remaining  eight  they  generally  occurred  late,  in  one 
case  as  late  as  one  hundred  and  eight  minutes  after  the  injection; 
they  also  lasted  longer  than  in  the  intra-aortic  animals  and  were 
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generally  of  moderate  intensity.  The  reflex  irritability  of  the 
cord  persisted  fairly  long,  forty  minutes  being  the  shortest  and 
one  hundred  and  eighty-five  the  longest  period  of  its  duration. 
On  the  other  hand  the  paralysis  of  the  motor  nerve  endings  made 
its  appearance  in  every  case  quite  early;  fifteen  minutes  being  the 
longest  and  two  minutes  the  shortest  interval  between  the  injec- 
tion and  the  appearance  of  the  peripheral  paralysis.  In  other 
words  the  intra-aortic  injections  favor  an  early  appearance  of 
convulsions  of  short  duration,  followed  by  a  comparatively  early 
paralysis  of  the  cord  while  the  peripheral  paralysis  sets  in  very 
late.  The  intravenous  injection,  on  the  other  hand,  favors  a 
very  early  onset  of  the  peripheral  paralysis,  a  retarded  develop- 
ment and  a  somewhat  protracted  period  of  convulsions,  and  a 
fairly  late  appearance  of  the  paralysis  of  the  cord.  The  experi- 
ments were  varied  in  many  ways  but  we  shall  not  enter  upon 
details.  Neither  shall  we  try  at  this  place  to  offer  a  theory  for 
this  difference.  We  may  only  state  that  the  hypothesis,  that 
the  continuous  circulation  may  contain  a  mechanical  or  a  chemi- 
cal principle,  or  both,  which  may  act  as  an  elective  factor,  was 
the  starting  point  of  this  investigation. 

Comparison  of  Anesthesia  in  Plants  possessing  a  Motor  Mechan- 
ism and  in  Animals.  G.  W.  Crile  and  M.  L.  Menten.  From 
the  Department  of  Surgery,  Western  Reserve  Medical  College. 

In  peripheral  nerves  after  exposure  for  varying  periods  of  time  to 
vapors  of  the  various  fat  solvent  anaesthetics,  e.  g.,  chloroform, 
ether  and  ethyl  alcohol,  there  is  an  increase  in  the  amount  of 
potassium  in  the  medullary  sheaths  as  shown  microchemically 
by  the  potassium  reagent  of  Macallum.  A  similar  increased 
amount  can  be  demonstrated  as  the  result  of  mechanical  or 
chemical  injury.  In  those  plants  possessing  a  motor  mechan- 
ism, e.g.,  Mimosa  pudica  and  Dionaea  muscipula,  after  exposure 
to  the  same  fat  solvent  anaesthetics  there  is  a  marked  increase 
in  the  demonstrable  potassium  compounds.  This  increase  occurs 
in  the  guard  cells,  in  the  chlorophyll  granules,  in  certain  modified 
conducting  elements,  but  to  the  greatest  extent  in  those  areas  of 
the  plant  which  are  most  active  in  producing  motion  and  which, 
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upon  stimulation  show  a  considerable  turgor.  Lipoid  substances 
as  demonstrated  by  osmic  acid  and  scarlet  red  have  the  same  dis- 
tribution as  the  potassium  compounds.  In  plants  as  in  animals 
the  lipoid  substances  which  contain  potassium,  e.  g.,  lecithin  and 
cholesterin  after  the  application  of  these  anaesthetics  become  so 
altered  in  their  physical  constitution  that  the  contained  potassium 
compounds  can  enter  into  the  chemical  combination  with  the 
reagent  applied. 

The  Electrocardiogram  in  Morphin  Poisoning  in  the  Dog.  J.  A.  E. 
Eyster  and  W.  J.  Meek.  From  the  Department  of  Physiology, 
University  of  Wisconsin. 

Intravenous  or  subcutaneous  injections  of  toxic  doses  (30  to 
90  mgs.)  of  morphin,  causes  as  a  rule  a  transitory  increase  in 
pulse  rate  followed  by  a  slowing.  During  the  period  of  slow 
pulse  the  rhythm  may  be  regular  or  irregular.  As  a  rule,  pro- 
nounced irregularities  appear  first  during  partial  recovery  from 
the  drug.  The  electrocardiographic  records  indicate  that  the  slow 
regular  or  irregular  pulse  is  due  to  a  condition  of  sino-auricu- 
lar  and  auriculo-ventricular  heart  block,  separate  or  combined. 
This  action  of  morphin  is  rapidly  and  completely  antagonized 
by  atropin  and  during  the  stages  of  recovery  under  the  influence 
of  this  drug,  the  heart  passes  through  various  stages  of  sino-auri- 
cular  and  auriculo-ventricular  block. 

The  Effect  of  Caffein  on  the  Circulation.^  William  Salant.  From 
the  Pharmacological  Laboratory,  Department  of  Agriculture, 
Washington,  D.  C. 

The  intravenous  injection  of  15  to  25  mgs.  caffein  per  kilo  in 
animals  was  followed  by  a  fall  of  blood  pressure  amounting  to  7 
to  35  per  cent  in  most  cases,  which  was  however  transitory  in 
character.  In  some  animals  the  blood  pressure  remained  un- 
changed after  such  doses.  A  moderate  rise  of  blood  pressure  was 
rarely  observed.  Experiments  were  also  conducted  to  test  the 
effect  of  various  anesthetics  on  changes  in  blood  pressure  caused 

^  Presented  by  permission  of  the  Secretary  of  Agriculture. 
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by  caffein.  Some  experiments  were  also  made  under  local  anes- 
thesia. 

Small  doses  of  caffein  aid  the  action  of  nitrites  on  the  circula- 
tion. A  secondary  rise  was  observed  in  a  small  number  of  cases 
under  these  conditions. 

The  effect  of  acetanihde  is  markedly  increased  when  caffein 
is  given  at  the  same  time  or  when  injected  soon  after.  Increased 
rate  and  irregularity  of  heart  action  was  also  observed  when  acet- 
anihde was  followed  by  caffein.  Similar  results  were  observed 
when  caffein  was  injected  intravenously  after  ethyl  or  amyl  alco- 
hol but  depression  of  the  circuiation  was  more  marked  after  the 
latter.  BaCU  injected  intravenously  after  previous  administra- 
tion of  caffein  was  found  to  be  toxic  even  in  very  small  quanti- 
ties and  the  blood  pressure  dropped  suddenly.  0.5  to  1.0  mg. 
per  kilo  proved  fatal,  while  much  larger  quantities  of  this  salt 
administered  to  controls  caused  some  disturbance  of  the  circula- 
tion, but  was  not  fatal. 

Demethylation  of  Caffein  and  Theobromin  under  Pathological 
Conditions.'^  WiUiam  Salant  and  I.  K.  Phelps.  Fron\  the 
Pharmacological  Laboratory,  Department  of  Agriculture,  Wash- 
ington, D.  C. 

Experiments  on  rabbits  show  that  demethylation  of  caffein  and 
theobromin  is  retarded  in  chronic  alcohohsm.  The  inhibitory 
effect  on  demethylation  persists  at  least  several  days  after  alcohol 
is  withdrawn.  Demethylation  seems  to  be  increased  in  preg- 
nancy as  shown  by  one  experiment  in  which  the  amount  of  purin 
was  enormously  increased  in  this  condition  after  the  administra- 
tion of  theobromin. 

The  Elimination  of  Caffein.^  W.  Salant  and  J.  B.  Reiger.  From 
the  Pharmacological  Laboratory,  Department  of  Agriculture, 
Washington,  D.  C. 

The  elimination  of  caffein  was  studied  in  rabbits,  guinea  pigs, 
cats  and  dogs.     Herbivora,  especially  rabbits,  may  eliminate  as 

1  Presented  by  permission  of  the  Secretary  of  Agriculture. 
*  Presented  by  permission  of  the  Secretary  of  Agriculture. 
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much  as  14  per  cent  of  the  amount  administered,  but,  in  most  cases, 
6  to  8  per  cent  of  the  caffein  given  were  recovered  in  the  urine. 
Caffein  was  also  found  in  the  stomach,  intestines  and  bile.  Rab- 
bits and  guinea  pigs,  which  were  fed  carrots,  eUminated  larger 
amounts  of  caffein  in  the  urine  than  those  which  were  fed  oats. 
When  the  latter  is  eaten,  much  larger  quantities  are  on  the  con- 
trary found  in  the  gastro-intestinal  canal  than  in  the  urine.  Elim- 
ination of  caffein  in  the  urine  begins  fifteen  to  forty  minutes  after 
its  subcutaneous  injection  and  continues  forty-eight  to  seventy- 
two  hours,  but  the  amounts  found  at  this  time  are  small.  In  some 
animals  none  could  be  found  after  twenty-four  hours.  Carnivora 
ehminate  very  small  quantities  of  caffein — about  1  per  cent  only. 

The  Action  of  Quinine  on  Leucocytes.     George  B.  Roth.     From 
the  Pharmacological  Laboratory,  University  of  Michigan. 

The  administration  of  quinine,  either  as  the  sulphate  or  hydro- 
chloride, to  man,  the  dog,  or  the  cat,  was  found  to  produce 
changes  in  the  number  of  leucocytes  which,  when  animals  were 
used,. could  be  divided  into  three  distinct  phases. 

The  preliminary  leucocytosis,  or  first  phase,  appeared  about  an 
hour  after  the  drug  was  given,  and  was  slight.  At  this  time  the 
increase  was  mainly  a  lymphocytosis  and  was  thought  to  be  due 
to  mechanical  factors,  namely  the  contraction  of  the  spleen  and 
lymphatic  tissues. 

In  about  an  hour  the  second  phase  occurred,  showing  a  reduc- 
tion in  the  number  of  white  cells,  and  affecting  the  lymphocytes 
mainly.  This  stage  lasted  several  hours,  and  was  followed 
by  the  third  stage,  which  showed  a  rather  marked  leucocytosis. 
At  this  time  the  poljTiiorphonuclear  cells  were  increased,  while 
the  lymphocyte  count  remained  low.  When  man  was  the  subject 
of  the  experiment  the  three  stages  were  not  so  distinct,  but  the 
differential  count  showed  changes  similar  to  those  found  in  the 
cat  and  the  dog. 
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On  the  Convulsant  Action  of  some  Dyes.  David  I.  Macht.  From 
the  Pharmacological  Laboratory,  the  Johns  Hopkins  Univer- 
sity. 

Barbour  and  Abel  (this  Journal,  vol.  ii,  no.  3,  December,  1910, 
p.  167)  have  called  attention  to  a  striking  action  of  acid  fuchsin 
on  frogs.  This  substance  injected  into  frogs  in  doses  of  1  to  4 
mgs.  per  gram  of  body  weight,  produces  flexor  spasms  and  con- 
vulsions, appearing  in  from  one  to  twenty  hours  after  injection, 
which  in  their  turn  give  way  to  an  extensor  tetanus.  Further- 
more, and  that  is  the  most  interesting  part  of  their  observations, 
these  convulsions  and  tetanus  can  be  produced  much  more  quickly 
(in  from  one-half  to  thirteen  minutes  after  injection)  and  by  much 
smaller  quantities  of  the  dye  (as  little  as  0.35  mg.  per  gram  of 
body  weight),  if  the  anterior  third  of  the  cerebrum  be  cut  off 
from  the  rest  of  the  nervous  system  either  before  or  after  the 
injection.  To  explain  this  phenomenon  these  observers  assume 
an  inhibitory  influence  to  pass  from  the  cerebral  lobes  to  subcorti- 
cal coordinating  centers,  which  inhibitory  influence  is  cut  off  by 
the  removal  or  division  of  the  anterior  third  of  the  brain. 

In  the  present  research  experiments  were  undertaken  to  investi- 
gate whether  the  above  pharmacological  properties  are  peculiar  to 
acid  fuchsin  alone,  or  are  exhibited  by  other  substances. 

The  writer  has  studied  with  this  end  in  view  a  large  number  of 
drugs  (the  various  phenols,  pikrotoxin,  strychnine,  atropine,  etc.) , 
and  dyes  (carmine,  methylene  blue,  methyl  orange,  methyl  vio- 
let, varieties  of  Congo  red,  different  kinds  of  scarlet,  red,  tro- 
paeolin,  phenolsulphonephthalein,  naphthol  yellow,  etc.)  and  has 
thus  far  found  an  exactly  analogous  action  to  that  of  acid  fuchsin 
exhibited  by  three  other  substances — phenolsulphonephthalein, 
naphthol-yellow,  and  tropaeoUn  00.  These  three  dyes  will  pro- 
duce convulsions  and  tetanus  in  frogs  after  given  doses  and  in 
a  given  time,  but  the  convulsions  and  tetanus  will  be  produced 
by  much  smaller  doses  and  in  a  much  shorter  time  after  injection 
if  the  anterior  third  of  the  brain  is  cut  off  or  divided  before  or 
after  the  injection. 

Large  quantities  of  phenolsulphonephthalein  (one  or  more  mil- 
ligrams per  gram  weight)  were  found  to  produce  either  no  effect 
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at  all  or  weak  convulsions  one  hour  or  more  after  injection.  On 
dividing  the  anterior  third  of  the  cerebrum  as  little  as  0.5  mg. 
per  gram  weight  produced  violent  convulsions  and  tetanus  in 
from  thirty  seconds  to  thirty-five  minutes  after  injection. 

Injections  of  2  mgs.  or  more  per  gram  of  body  weight  of  naph- 
thol  yellow  had  no  effect,  or  produced  convulsions  one  or  more 
hours  later.  Violent  convulsions  and  tetanus  were  produced  in 
decerebrate  frogs  in  from  one  to  twenty-eight  minutes  by  doses 
as  small  as  0.5  gm. 

One  milligram  of  tropaeolin  00  injected  into  a  frog  produced 
convulsions  an  hour  or  more  after  injection.  As  little  as  0.15 
mg.  caused  violent  convulsions  and  tetanus  in  from  two  to  forty- 
five  minutes. 

Experiments  are  in  progress  in  which  other  explanations  for 
the  above  phenomena  than  that  given  by  Barbour  and  Abel  are 
being  tested,  but  for  the  present  no  better  solution  than  the  inhibi- 
tion theory  can  be  offered. 

In  regard  to  the  chemical  properties  of  the  four  substances, 
acid  fuchsin,  phenolsulphonephthalein,  naphthol  yellow  and  tro- 
paeolin 00,  it  is  to  be  noted  that  they  are  all  dyes  soluble  in  water, 
that  they  are  all  sulphonated  bodies,  and  that  they  are  all  taken 
up  by  the  nervous  system,  as  may  be  seen  by  inspection  of  the 
brain  and  spinal  cord  either  directly  or  after  the  addition  of  chem- 
ical reagents. 

The  Action  of  Drugs  on  Oxidative  Processes.  C.  Voegtlin.  From 
the  Pharmacological  Laboratory,  the  Johns  Hopkins  Univer- 
sity. 

Epinephrin,  when  introduced  into  the  circulation  of  mammals, 
is  very  rapidly  destroyed  by  oxidation.  Using  a  constant  inflow 
of  a  dilute  epinephrin  solution,  a  constant  rise  in  blood  pressure 
is  obtained,  corresponding  to  a  definite  rate  of  oxidation  of  epi- 
nephrin. By  injecting  simultaneously  with  the  epinephrin  chem- 
ical substances  which  are  known  to  influence  the  oxidation  of 
epinephrin  in  vitro  (acids,  alkalies,  iodine,  etc.),  a  marked  change 
in  the  degree  of  the  physiologic  action  of  epinephrin  is  obtained, 
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this  being  made  evident  by  the  alteration  in  blood  pressure.  In 
case  the  tested  chemicals  do  not  have  any  marked  effect  on  nor- 
mal blood  pressure  one  has  good  reason  to  assume  that  any  change 
of  the  action  of  epinephrin  is  due  to  an  influence  on  the  oxida- 
tion of  this  latter  substance.  This  method,  when  studied  more 
in  detail,  may  perhaps  prove  to  be  of  value  in  testing  the  action 
of  drugs  on  biologic  oxidation  in  general. 

The  Toxic  Action  of  Amiardhium  Muscaetoxicum.  C.  L.  Alsberg. 
From  the  Bureau  of  Plant  Industry,  U.  S.  Department  of 
Agriculture. 

This  liliaceous  plant  contains  a  solid  alkaloid  which  has  not 
been  obtained  in  crystalHne  form.  The  alkaloid  is  of  extreme 
toxicity,  producing  death  from  respiratory  paralysis.  The  effect 
on  the  circulation  is  less  prominent  than  that  on  the  respiratory 
center.  Striped  muscle  is  affected  in  such  a  way  that  fatigue, 
both  by  direct  and  indirect  stimulation,  is  very  much  more 
rapid  than  normally.  Relaxation  is  somewhat  delayed,  but  no 
distinct  veratrine  effect  was  obtained,  though  the  alkaloid  in 
some  respects  resembles  veratrine  chemically. 

Antagonistic  Studies  with  Alcohol  and  Cajffein.  J.  D.  Pilcher 
and  T.  Sollmann.  From  the  Pharmacological  Laboratory, 
Western  Reserve  University. 

Has  appeared  in  no.  3,  vol.  iii,  pp.  267-299,  this  Journal,  as  a 
paper  by  J.  D.  Pilcher,  entitled  Alcohol  and  Caffein:  A  Study  of 
Antagonism  and  Synergism. 

Inhibition  of  Iodide  Absorption  by  Chloride.  P.  J.  Hanzlik  and 
T.  Sollmann.  From  the  Pharmacological  Laboratory,  Western 
Reserve  University. 

Appears  in  full  in  the  present  number  of  this  Journal  as  a  paper 
by  P.  J.  Hanzlik,  entitled:  Quantitative  Studies  on  the  Gastro- 
intestinal Absorption  of  Drugs:  II.  The  absorption  of  Sodium 
Iodide. 
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The  Advantages  of  Single  over  Multiple  Doses  of  Antitoxin  and 
of  Intravenous  over  Subcutaneous  or  Intramuscular  Injections. 
William  H.  Park.  From  the  Division  of  Laboratories,  Depart- 
ment of  Health,  New  York  City. 

Different  investigators  have  tested  the  rapidity  of  absorption 
of  antitoxins  from  the  tissues  and  drawn  attention  to  the  supe- 
riority of  intravenous  injections.  Notwithstanding  their  reports 
subcutaneous  injections  are  still  generally  employed  in  the  treat- 
ment of  both  diphtheria  and  tetanus.  It  was  decided  to  repeat 
the  experiments  of  others  and  add  new  ones. 

A  series  of  rabbits  and  of  goats  were  injected  with  10,000  units 
of  diphtheria  antitoxin  and  bled  at  intervals  for  ninety-six  hours. 
A  number  of  persons  suffering  from  diphtheria  were  examined  as 
to  the  antitoxin  content  of  the  blood  during  the  same  period  of 
time.  The  following  two  tables  give  one  example  of  each  method 
of  injection  in  goats  and  one  for  each  in  human  beings  suffering 
from  diphtheria. 

The  great  advantage  of  the  intravenous  injections  is  manifest. 

THE    COMPARATIVE   VALUE    OF   SINGLE   AND   MULTIPLE   DOSES 

The  question  of  giving  the  total  amount  believed  to  be  neces- 
sary in  a  single  injection,  or  dividing  it  into  two  or  three  injections 
to  be  given  at  intervals  of  six  to  twelve  or  more  hours,  is  an  impor- 
tant one.  The  slow  absorption  of  the  antitoxin  from  the  tissues 
would  seem  to  make  the  single  injection  by  far  the  better  method. 
The  following  table  shows  the  antitoxic  strength  of  the  blood  in  the 
two  methods. 

It  can  be  seen  that  the  single  dose  gives  much  greater  antitoxin 
content  for  the  first  three  days. 

A  large  series  of  cases  treated  by  the  different  methods  has 
shown  that  the  intravenous  injections  can  be  safely  given.  In 
all  cases  of  tetanus  and  in  severe  cases  of  diphtheria  intravenous 
injections  are  indicated. 
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(1)  Antitoxin  content  of  blood  in  goats  injected 
(Each  receiving  5000  units) 


UNITS  IN  1  CC.  AT  DIFFEBENT  IMTIBVAU  Of  TDIK 

3  h. 

6h. 

12  h. 

24  h. 

48  h. 

72  h. 

9«h. 

Intravenous 

4.0 

3.5 
0.5 
1.3 

3.0 

2.6 

2.4 
2.9 
2.8 

2.0 
3.0 
2.6 

1  8 

Subcutaneous 

Intramuscular * 

0.1 

0.3 

1.0 
2.0 

2.5 
2.8 

2.9 
2.4 

Weight  of  goats  about  25  pounds  each. . 

(2)  Antitoxin  content  of  blood  in  three  adult  diphtheria  patients 
(Each  received  10,000  units) 


METHOD  OF  INJECTION 


UNITB  IN  1  CC.  AT  INTKBTAL8  OP  HOUB8 


Intravenous  (1) 

Subcutaneous  (2) 

Intramuscular  (3) 0.2 


3h. 

6h. 

12  h. 

24  h. 

48  h. 

72  h. 

96  h. 

3.0 

2.7 

2.4 

2.0 

1.5 

1.0  • 

0.8 

0.1 

0.2 

0.25 

0.4 

0.55 

0.65 

0.7 

0.2 

0.35 

0.6 

0.6 

0.59 

0.55 

Weight  of  number  1  about  100  pounds;  of  number  2  about  110  pounds;  of  number 
3  about  120  pounds. 


UNITS  IN 

BLOOD  AT 

12  h. 

24  h. 

48  h. 

72  h. 

Single  dose 

Dose  divided  into  three  given  at  12-hour 
intervals 

0.25 
0.08 

0.4 

0.2 

0.55 
0.48 

0.65 
0.62 
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I.    PHARMACOLOGICAL    INVESTIGATIONS 

In  the  year  1876  John  Priestly,  Piatt  physiological  scholar  at 
Owens  College,  Manchester,  published  an  extensive  article  on 
the  action  of  vanadium.  He  observed  that  the  cause  of  death 
is  central  respiratory  paralysis.  With  reference  to  the  circu- 
lation he  noted  a  disappearance  of  the  Traube-Hering  curves;  a 
fall  in  blood  pressure  which  he  attributed  to  an  action  on  the 
vasomotor  center  and  on  the  heart  itself;  and  that  irregular- 
ities and  final  slowing  and  weakening  of  the  heart  beat  were 
due  to  an  action  on  the  ''intracardiac  nervous  mechanism."  A 
rise  in  blood  pressure  in  rabbits  which  he  observed  after  section 
of  the  cord  he  attributed  to  a  greater  vigor  of  the  heart.  He  also 
recorded  the  presence  of  congestion  and  inflammation  in  the  ali- 
mentary mucous  membrane,  and  a  primary  stimulation  of  the 
central  nervous  system  followed  by  depression  or  paralysis.  The 
size  of  the  lethal  dose  he  placed  betvreen  9.18  mgs.  and  14.66  mgs. 
of  V2O5  per  kilogram  of  body  weight  for  the  rabbit. 

Gamgee  and  Larmuth  (1876-77)  using  the  metavanadate, 
the  pyrovanadate  and  the  orthovanadate  of  sodiun  came  to  the 
conclusion  that  the  metal  acted  in  a  manner  practically  analc  gous 
to  that  of  digitalis.  They,  however,  appear  to  have  held  the 
opinion  that  the  ''intracardiac  nervous  mechanism"  was  affected 
in  some  way  that  did  not  exactly  correspond  to  the  effects  of  dig- 
italis. In  the  frog  they  observed  that  the  ventricle  finally  became 
contracted  from  the  action  of  vanadium  but  that  vagus  stimu- 
lation did  not  cause  a  dilatation,  and  that  during  perfusion  the 
ventricle  became  permanently  contracted  while  the  auricle  still 
beat. 

In  1878,  Dowdeswell  described  an  extensive  fatty  degeneration 
of  the  liver  .which  could  be  produced  by  prolonged  administration 
of  the  drug  either  by  way  of  the  alimentary  canal  or  by  hypoder- 
mic injection. 

In  1880-86,  the  chemists,  Witz  and  Osmond,  suggested  that 
the  oxidizing  properties  of  the  metal  might  be  used  therapeuti- 
cally to  accelerate  the  oxidations  of  the  body.  Later  this  view 
was  eagerly  taken  up  by  a  large  number  of  French  investigators, 
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notably  Lyonnet,  Martz  and  Martin,  Hallion  and  Laran,  Berthail, 
Anceau,  LeBlond  and  David,  Weber,  Perlemann,  Delarue  and 
Helouis,  Rodet,  Pecourt  and  others. 

Clinically,  vanadium  has  from  time  to  time  been  used  for  a 
great  variety  of  pathological  conditions.  Among  them  may  be 
mentioned  first  and  foremost  tuberculosis.  Other  conditions  in 
which  its  action  has  been  stated  to  be  most  beneficial  are  anemia, 
chlorosis,  syphilis,  rheumatism,  diabetes,  arthritis  deformans,  heart 
disease,  cachexia,  sciatica,  neurasthenia,  chorea,  "dyspepsia," 
anorexia,  myelitis,  bronchitis,  etc.  Aside  from  these  presumably 
rather  general  actions,  it  has  been  highly  recommended  as  a  local 
antiseptic,  especially  in  general  gynecological  practice,  and  in 
various  skin  affections. 

Vanadiumism.  Chronic  poisoning  can  readily  be  produced  in 
animals.  Similar  symptoms  have  also  been  reported  in  workers  in 
the  steel  industries,  and  in  professions  where  laborers  are  exposed 
to  the  metal.  The  symptoms  are  described  as  consisting  of 
diarrhoea,  often  followed  by  marked  constipation,  anemia,  ema- 
ciation, loss  of  appetite,  nervous  disturbances,  etc.  The  urine  may 
show  albumen,  casts  and  blood.  The  lungs,  kidneys,  liver  and 
gastro-intestinal  tract  are  reported  as  showing  extensive  lesions, 
those  in  the  lungs  generally  proving  the  most  serious,  and  often 
ending  fatally  from  pulmonary  hemorrhages,  the  immediate  cause 
of  which  seems  to  be  marked  fits  of  coughing.  A  persistent, 
dry,  hacking  cough  appears  to  be  one  of  the  more  constant  symp- 
toms of  chronic  vanadium  poisoning.  The  literature  on  this 
phase  of  the  subject  seems  to  be  very  limited. 

The  following  tests  which  I  have  had  occasion  to  use  a  number 
of  times  during  the  course  of  these  experiments  may  be  briefly 
described  here. 

I.  If  a  ferrocyanide  solution  be  added  to  a  vanadium  solution 
made  acid  with  hydrochloric  acid,  a  green  or  yellowish  green  pre- 
cipitate is  formed.  Copper,  iron,  zinc,  uranium  and  chromates 
interfere  with  the  test. 

II.  On  the  addition  of  hydrogen  peroxide  to  an  acid  solution 
of  a  vanadium  salt,  or  a  solution  of  vanadic  acid,  a  red  color  is  pro- 
duced if  vanadium  be  present  to  the  extent  of  1  to  30,000.     Mix- 
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tures  of  ferric  and  ferrous  salts  and  chromic  and  chromate  salts 
interfere  with  the  reaction. 

III.  If  a  few  drops  of  vanadium  solution  be  added  to  a  small 
quantity  of  strong  sulphuric  acid  to  which  a  crystal  of  strychnine 
sulphate  has  been  added,  there  is  at  first  produced  a  violet  color 
which  after  a  few  minutes  changes  to  a  rose  color.  Chromates 
interfere  with  the  test. 

II.    SYMPTOMS  OF  VANADIUM  POISONING 

The  symptoms  of  acute  poisoning  resemble  rather  closely  those 
produced  by  other  irritant  metallic  substances. 

Nervous  system.  When  a  large  dose  is  administered  subcu- 
taneously  to  a  frog  there  is  at  first  produced  great  excitement, 
agitation  and  convulsive  movements.  The  animal  may  leap  for- 
ward violently  and  blindly  and  alight  on  its  back,  and  perhaps 
struggle  for  a  time  before  it  can  right  itself.  These  symptoms 
develop  immediately  upon  the  injection  and  at  a  time  when  it 
is  obviously  entirely  too  early  for  the  drug  to  have  been  absorbed. 
The  only  explanation  possible  is  that  these  results  are  due  solely 
to  the  local  irritation  caused  by  the  administration  of  the  drug. 
Several  writers  have  described  these  convulsive  symptoms  at 
considerable  length,  and  have  been  led  thereby  to  compare  it  to 
such  substances  as  digitalis  or  picrotoxin.  After  the  solution 
really  begins  to  be  absorbed  and  to  act  on  the  central  nervous  sys- 
tem and  other  structures,  there  ensues  a  gradual  and  progressive 
depression  and  paralysis  which  ends  in  death. 

In  mammals  a  very  similar  series  of  symptoms  are  produced. 
The  early  excitement  is  obviously  due  to  local  irritation.  In 
these  experiments  I  have  used  solutions  of  the  sodium  orthovana- 
date,  which  are  slightly  alkaline  and  this  reaction  probably  has 
something  to  do  with  the  results.  Previous  observers  have,  how- 
ever, used  such  solutions  and  I  have  been  anxious  to  verify  their 
observations  under  corresponding  conditions.  As  the  drug  is 
absorbed,  and  its  general  systemic  action  comes  on  there  is  pro- 
duced a  gradual  progressive  depression,  manifested  by  somno- 
lence, weakness  and  final  paralysis.     A  sort  of  restless  uneasiness 
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lasting  for  a  few  moments  at  a  time  is  generally  observed  during 
the  intoxication. 

Circulation.  The  circulation  is  undoubtedly  considerably  affected 
but  the  results  are  not  readily  interpreted  in  the  normal  animal. 
The  early  excitement  causes  an  increase  in  the  pulse  rate,  and 
perhaps  a  rise  in  pressure.  It  is  probable  that  if  entirely  neutral 
salts  were  used  these  results  would  mainly  be  absent. 

Aside  from  these  rather  superficial  effects  there  are,  however, 
other  circulator}'-  phenomena  which  may  be  noted  from  time  to 
time.  In  some  animals  the  pulse  rate  is  greatly  reduced,  and 
often  there  appears  a  variation  in  the  rate  from  time  to  time.  The 
respiration  and  nausea  indirectly  affect  the  circulation.  The 
temperature  has  been  frequently  reported  as  showing  a  progressive 
fall.  I  have  found  this  to  be  the  case  although  at  least  one  observer 
noted  an  increase  in  temperature.    I  shall  take  this  point  up  again. 

Gastrointestinal  system.  In  normal  animals  it  would  appear 
that  the  principal  effects  of  acute  poisonimg  fall  upon  the  gastro- 
intestinal system.  The  earliest  s^Tnptoms  manifested  in  this 
direction  consist  in  the  flowing  of  saliva,  retching  and  vomiting. 
The  flow  of  saliva  is  rather  abundant  sometimes,  but  I  am  inclined 
to  believe  it  is  due  entirely  to  the  nausea,  although  another  factor 
cannot  be  entirely  excluded  at  present.  In  etherized  animals 
there  also  often  seems  to  be  an  increased  flow  of  tears  (greater 
than  ether  irritation  would  produce). 

Some  fifteen  or  twenty  minutes  after  hypodermic  injection 
into  dogs,  a  rather  marked  borborygmus  begins.  Some  time 
later  this  is  followed  by  a  diarrhoea  which  in  severe  cases  may  be 
noticeably  hemorrhagic.  Generally  it  is  not  profuse.  In  fatal 
cases  the  diarrhoea  generally  continues  until  death  (in  dogs).  I 
have  not  observed  any  marked  gastrointestinal  symptoms  in  rats 
or  guinea  pigs,  the  main  action  of  the  drug  appearing  to  fall  on 
the  central  nervous  system  in  these  animals,  as  it  does  in  the  frog. 

In  dogs  a  moderate  degree  of  intoxication  does  not  seem  to 
produce  serious  gastrointestinal  disturbances.  It  is,  perhaps, 
worthy  of  mention  in  this  connection  that  this  gastrointestinal 
action  of  the  metal  may  have  to  be  duly  considered  in  any  pro- 
posed therapeutical  utilization  of  the  substance. 
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In  experiments  on  etherized  animals  large  doses  of  vanadium 
increase  the  peristaltic  movements  in  a  manner  quite  similar  in 
extent  to  veratrine  under  like  conditions. 

Respiration.  The  final  cause  of  death  is  respiratory  paralysis. 
This  is  about  the  only  conclusion  in  which  there  seems  to  be  a 
perfect  unanimity  of  opinion  among  observers.  When  normal 
animals  are  injected  hypodermically  with  vanadium  solutions, 
the  respiration  is  at  first  indirectly  affected  from  the  pain.  After 
some  time  the  breathing  tends  to  become  somewhat  irregular, 
perhaps  slower,  and  dyspnoeic  symptoms  supervene.  Cheyne- 
Stokes  respiration  has  been  reported.  I  have  often  seen  some 
indications  of  this  form  of  respiration.  As  the  intoxication  be- 
comes deeper,  the  animal  continues  to  have  more  and  more  diffi- 
culty to  breathe.  After  some  hours  the  normal  respiratory  move- 
ments are  wholly  replaced  by  deep  gasping  motions  by  which  life 
may  be  prolonged  for  a  considerable  time.  It  appears  that  the 
inspiratory  phase  requires  great  effort.  The  cause  of  this  is 
obscure  for  the  force  of  the  inspiratory  muscular  movements  seems 
fully  as  great,  and  perhaps  greater,  than  in  the  normal  animal. 
Often  a  distinct  resemblance  to  the  respiratory  action  of  aconitine 
is  observed.  It  may  be  noted  also  that  certain  other  features  of 
the  intoxication  often  resemble  aconitine  effects.  Toward  the  end 
the  deep  gasping  movements  are  obviously  markedly  influenced 
by  the  increasing  asphyxia;  they  finally  grow  feebler,  shallower, 
less  frequent  and  at  last  cease,  the  final  termination  generally 
being  marked  by  weak  general  convulsive  movements. 

Blood  changes.  No  immediate  effects  are  produced  on  the 
blood.  The  normal  bands  are  seen  in  the  spectrum,  and  reduc- 
tion by  ammonium  sulphide,  etc.,  takes  place  in  a  perfectly  normal 
manner.  Certain  observers  have  reported  that  animals  dying 
from  acute  poisoning  with  sodium  metavanadate  do  not  show 
normal  clotting  of  the  blood,  after  death.  I  have  not  been  able 
to  fully  verify  this  observation,  and  in  no  case  has  the  blood  failed 
to  clot  firmly  when  drawn  off  after  repeated  large  injections  of 
vanadium.  On  purely  theoretical  grounds  I  am  inclined  to  believe 
that  the  clotting  time  of  the  blood  may  be  indirectly  influenced. 
The  reasons  for  this  will  appear  in  connection  with  the  action 
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of  the  metal  on  the  visceral  organs,  in  which  certain  elements 
necessary  for  coagulation  appear  to  be  formed. 

Various  observers  have  reported  that  the  continued  use  of  small 
doses  for  some  time  will  cause  an  increase  in  the  number  of  red 
cells  and  a  rise  in  the  haemoglobin.  This  has  generally  been 
tried  out  in  patients  rather  than  in  animals.  The  general  opin- 
ions in  this  respect  have  led  to  a  comparison  of  the  action  of  van- 
adium with  that  of  arsenic.  There,  however,  certainly  exist  the 
most  striking  differences  between  the  pharmacological  action  of 
these  two  substances.  The  leucocytes  have  not  generally  been 
mentioned  as  undergoing  any  very  marked  variation  in  the  class 
of  experiments  and  observations  usually  carried  out. 

Excretion.  Priestly  was  unable  to  show  that  any  of  the  metal 
was  excreted  by  the  kidneys.  But  he  and  other  observers  have 
show^n  that  it  is  eliminated  by  the  gastrointestinal  canal.  I  have 
been  able  to  verify  this  latter  finding  in  animals  which  had  re- 
ceived large  hypodermic  injections.  I  have  also  obtained  faint 
tests  for  the  substance  in  the  urine,  but  I  have  not  obtained  any 
traces  of  the  metal  in  the  sahva,  vomitus  or  lachrymal  secretion. 
Button  (15),  however,  states  that  in  chronic  poisoning  in  indus- 
trial workers,  the  nasal  and  lachrymal  secretions  may  contain 
the  element.  It  seems  that  the  substance  is  ehminated  slowly, 
for  the  effects  last  a  long  time,  and  tests  of  the  excretions  usually 
show  only  weakly  positive  reactions.  It  appears  that  the  sub- 
stance exercises  a  very  definite  selective  action  on  certain  struc- 
tures of  the  body.  It  does  not  necessarily  follow,  however,  that 
most  of  the  substance  will  become  localized  in  these  areas.  There 
seems  to  be  some  vague  and  rather  indefinite  action  exerted  upon 
the  nasal  and  respiratory  mucous  membranes,  and  upon  the  con- 
junctiva, or  some  immediately  related  structures.  Possibly  this 
action  is  due  to  a  slow  but  continuous  accumulation  of  the  sub- 
stance in  these  membranes,  or  to  a  feeble,  prolonged  excretion 
of  the  metal  by  the  mucous  surfaces  involved.  I  have,  however, 
obtained  no  positive  tests  in  this  direction.  I  have  repeatedly 
observed  these  symptoms  in  dogs  to  which  the  drug  was  admin- 
istered by  a  stomach  tube.  The  presence  of  these  symptoms  in 
persons  exposed  to  dust,  etc.,  in  estabUshments  where  vanadium 
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is  used  may  simply  indicate  the  accumulation  of  vanadium  upon 
the  membranes  from  the  air,  but  it  hardly  seems  that  this  is  proba- 
ble in  animals  which  receive  solutions  into  the  stomach  by  means 
of  the  tube. 

Pathological  findings.  In  acute  poisoning  the  pathological 
findings  are  those  regularly  found  following  general  gastrointes- 
tinal irritation.  Congestion  and  hemorrhages  are  present  in  the 
intestines,  kidneys,  liver,  spleen,  and  sometimes  in  the  lungs. 
These  observations  have  been  verified  by  many  observers.  The 
uterus  is  occasionally  found  to  show  some  congestion.  Dowdes- 
well,  in  1878,  described  an  extensive  fatty  degeneration  of  the 
liver  when  an  animal  was  treated  for  some  time  with  vanadium. 
Other  organs  may  also  be  similarly  involved. 

In  rabbits  which  received  intravenously  large,  rapidly  fatal 
doses  (death  occurring  within  five  to  ten  minutes)  I  have  found 
the  left  auricle  and  left  ventricle  both  to  be  contracted  to  the 
utmost  limit,  and  to  be  very  hard  and  firm,  while  both  chambers 
of  the  right  heart  were  rather  more  soft  and  flabby  than  in  ordi- 
nary conditions.  Probably  some  of  the  dilatation  of  the  right 
chambers  was  due  to  venous  blood  which  was  poured  into  the 
heart  after  it  had  ceased  to  empty  itself,  but  this  could  not  account 
for  the  whole  effect,  for  the  muscular  walls  of  the  left  heart  were 
firmly  contracted  and  the  coronary  arteries  on  that  half  of  the 
heart  were  greatly  constricted,  while  those  of  the  right  heart  were 
dilated.  In  death  following  chronic  poisoning  in  man  extensive 
lesions  in  the  lungs  have  been  mentioned  as  being  among  the  most 
marked  pathological  findings.  I  have  not  had  an  opportunity 
to  personally  verify  these  findings. 

Great  variations  in  the  size  of  the  lethal  dose  have  been  reported 
by  various  observers.  In  one  of  my  experiments  a  small  dog 
received  subcutaneously  approximately  80  mgs.  per  kilogram  of 
body  weight  and  recovered.  This  is  considerably  more  than 
several  investigators  have  found  to  cause  death.  A  small  rabbit 
received  8.1  mgs.  per  kilogram  intravenously  and  showed  very 
profound  symptoms  for  some  time,  but  after  about  half  an  hour 
exhibited  marked  signs  of  recovery.  It  was  then  given  a  second 
injection  intravenously  of  16  mgs.  per  kilogram  of  body  weight 
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additional,  and  died  in  four  and  one-half  minutes.  The  solutions 
used  in  these  instances  were  of  the  sodium  orthovanadate.  In 
all  probability  much  smaller  doses  of  the  metavanadate  would 
have  been  fatal. 

III.    GENERAL    ACTION 

Alimentary  canal.  The  action  upon  the  gastrointestinal  canal 
is  rather  striking.  The  vomiting  which  occurs  regularly,  after 
the  administration  of  large  doses  of  vanadium  to  a  normal  animal, 
shows  the  involvement  of  the  digestive  organs.  The  exact  nature 
of  the  action  of  the  metal  on  the  intestines  is  obscure,  and  I  have 
not  so  far  been  able  to  devise  any  experiment  which  entirely 
clears  up  the  situation.  There  undoubtedly  occur  the  usual 
localized  reactions,  which  are  common  to  most  irritating  sub- 
stances (particularly  the  irritating  metals)  in  general.  This  action 
results  in  vomiting,  retching,  diarrhoea,  passage  of  mucus  and 
blood  in  the  feces,  etc.  The  intestinal  mucosa  shows  congestion 
and  hemorrhages  after  death.  Probably  this  latter  lesion  is  not 
produced  until  rather  late  in  the  intoxication.  In  the  milder 
cases  of  poisoning,  blood  seldom  is  seen  in  the  stools. 

There  is  a  marked  increase  in  the  peristaltic  movements.  These 
movements  are  coordinate  and  progressive  as  generally  observed 
in  experiments  lasting  only  for  a  few  hours.  They  are  often  very 
marked  in  etherized  animals,  and  defecation  during  an  experiment 
is  a  rather  regular  occurrence.  It  appears  to  closely  resemble 
such  bodies  as  veratrine  in  this  respect.  Intravenous  adminis- 
tration of  the  substance  is  especially  liable  to  cause  a  marked 
increase  of  peristalsis. 

The  local  irritation,  both  directly  and  reflexly,  probably  causes 
much  of  the  abnormal  peristalsis.  Aside  from  this,  however, 
other  factors  seem  to  be  involved.  A  graphic  record  of  the  action 
of  the  metal  on  the  intestines  resembles  almost  exactly  the  effect 
shown  in  a  similar  tracing  obtained  by  the  injection  of  nicotine. 
It  is  to  be  noted  in  this  case,  however,  that  the  vascular  changes 
have  much  to  do  in  determining  the  exact  appearance  of  graphic 
records  as  usually  obtained.     It  is  of  some  significance  that  the 
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peristalsis  initiated  by  vanadium  can  be  at  once  allayed  by  the 
injection  of  epinephrine  (adrenaline). 

A  further  comparison  may  be  obtained  by  the  use  of  barium, 
which  is  generally  considered  as  acting  specifically  on  smooth 
muscle.  When  a  dilute  solution  of  barium  chloride  is  dropped 
on  a  small  localized  area  of  the  intestine,  there  is  soon  produced 
a  very  marked  anemia  and  intense  contraction,  which  remains 
closely  restricted  to  the  area  treated  with  the  solution.  If  the 
experiment  be  repeated  with  the  substitution  of  a  vanadium  solu- 
tion for  the  barium,  there  will  be  no  constriction  of  the  vessels 
and  no  contraction  of  the  gut  wall.  But  both  of  these  phenom- 
ena occur  rather  profoundly  when  the  vanadium  is  injected 
intravenously.  It  would  appear  from  this  that  the  vanadium 
either  cannot  penetrate  the  tissues,  or  that  it  acts  only  when  car- 
ried to  the  muscle  fibers  by  the  blood,  or  that  it  acts  largely  on 
the  nervous  structures. 

When  isolated  loops  of  intestine  are  excised  and  perfused  out- 
side the  body  it  is  found  that  vanadium  added  to  the  perfusion 
fluid  will  still  cause  an  increase  in  the  peristaltic  movements. 
And  the  treatment  of  such  loops  with  atropine  will  not  prevent 
the  increase  of  movement  due  to  subsequent  injections  of  vana- 
dium. This  observation  indicates  that  the  vanadium  probably 
acts  directly  on  the  muscle.  But  the  inhibition  of  peristalsis  by 
adrenalin  reminds  one  of  a  nervous  action.  And  the  failure  of 
the  gut  to  contract  when  treated  locally  with  vanadium  (as  occurs 
under  barium)  resembles  a  nervous  origin.  The  general  appear- 
ance of  the  movements,  as  observed  following  intravenous  injec- 
tions, is  of  such  a  nature  as  would  probably  lead  one  to  suspect 
that  they  were  due  to  some  form  of  direct  nervous  control.  But 
one  would  naturally  be  inclined  to  infer  from  the  mere  nature  of 
the  substance  (an  irritating  metallic  salt)  that  its  main  action 
would  probably  be  a  muscular  one  rather  than  that  a  nervous 
mechanism  would  be  directly  stimulated.  The  vascular  changes 
should  be  carefully  kept  in  mind  in  connection  with  the  peristaltic 
variations  for  a  very  profound  constriction  which  is  rather  per- 
sistent in  character  occurs  in  this  area. 
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In  chronic  poisoning  in  the  human  species  there  appears  to  be 
generally  produced  a  diarrhoea  for  several  days  or  weeks,  and  then 
a  very  marked  and  obstinate  constipation  ensues.  It  seems, 
however,  that  this  course  is  not  always  followed  out.  One  of 
the  distinctive  symptoms  of  chronic  lead  poisoning  is  a  very  obsti- 
nate constipation.  This  is  usually  associated  with  a  severe  coUc. 
Occasionally  diarrhoea  occurs.  The  exact  action  of  lead  in  pro- 
ducing these  effects  is  unknown.  Harnack  decided  that  colic 
thus  produced  in  animals  could  be  reUeved  by  atropine.  I  have 
not  been  able  to  find  any  reference  to  the  use  of  atropine  in  the 
human  subject  in  chronic  vanadium  poisoning,  but  atropine  does 
not  appear  to  check  the  intestinal  movements  induced  by  vana- 
dium in  excised,  perfused  segments.  In  dogs  which  receive  daily 
doses  of  vanadium  for  long  periods  (several  months)  at  a  time, 
there  is  generally  at  first  produced  a  rather  marked  diarrhoea, 
and  this  later  tends  to  be  replaced  by  constipation.  There  seems 
to  be  a  rather  closely  marked  analogy  between  the  action  of  lead 
and  that  of  vanadium  on  the  intestines,  and  I  have  observed  sev- 
eral other  points  of  resemblance  in  other  directions,  particularly 
with  reference  to  the  blood  pressure,  urine  flow,  etc. 

Considering  all  the  evidence  at  present  available  I  am  inclined 
to  believe  that  the  greater  part  of  the  action  of  vanadium  on  the 
intestine  is  due  to  an  action  on  the  muscular  wall,  but  that  there 
must  also  be  involved  some  controlling  nervous  influence  which 
is  stimulated  to  activity  by  the  metal  and  which  probably  may 
continue  to  act  for  rather  long  periods  of  time,  following  injec- 
tions of  vanadium. 

The  sahvation  in  acute  poisoning  is  by  no  means  so  abundant 
as  under  pilocarpine.  It  is  apparently  due  mainly,  if  not  entirely, 
to  the  nausea  and  vomiting.  I  have  not  obtained  any  direct 
evidence  of  a  stimulation  of  the  salivary  nervous  mechanism. 

The  vomiting  is  due  to  local  irritation  in  the  gastrointestinal 
tract.  It  seems  unlikely  that  any  direct  central  action  is  involved. 
The  increased  peristaltic  movements  in  the  alimentary  canal  may 
reflexly  help  to  produce  the  emesis.  This  seems  not  improba- 
ble for  I  could  not  get  a  positive  test  for  the  metal  in  the  vomitus 
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(or  saliva)  of  an  animal  which  had  been  poisoned  by  subcuta- 
neous injection  of  the  substance.  , 

The  secretions  of  the  alimentary  canal,  which  others  have  exam- 
ined, do  not  seem  to  be  markedly  affected  in  any  way  by  small 
quantities  of  vanadium. 

Lymph  flow.  In  some  early  experiments  I  was  impressed 
with  the  character  of  the  flow  of  the  lymph  from  the  thoracic 
duct  and  that  from  the  head  region,  when  both' were  collected 
simultaneously  in  an  etherized  animal  treated  with  intravenous 
injections  of  sodium  orthovanadate.  It  was  found  that  while 
the  head  lymph  was  not  appreciably  affected  either  in  quantity 
or  quality,  that  collected  from  the  thoracic  duct  underwent 
marked  variation. 

For  some  time  following  each  injection  there  was  a  very  can- 
siderable  increase  in  the  outflow.  This  gradually  subsided,  but 
after  some  time  a  second  injection  of  the  drug  would  renew  the 
outflow.  Late  in  the  intoxication  there  were  occasionally  observed 
slight  indications  of  blood  in  the  collected  lymph.  This,  how- 
ever, was  never  marked.  The  variation  in  rate  of  outflow  first 
induced  me  to  examine  more  closely  into  the  action  of  the  metal 
on  the  visceral  organs.  It  appears  that  the  increase  in  thoracic 
lymph  flow  following  each  injection  is  due  to  the  increase  of  intes- 
tinal movements,  to  changes  in  the  calibre  of  the  visceral  vessels, 
and  to  a  rise  in  general  blood  pressure.  Probably  this  action  on 
lymph  flow  might  have  some  slight  influence  on  any  therapeuti- 
cal advantages  accruing  from  the  use  of  the  substance.  Tests 
made  for  vanadium  in  the  collected  lymph  were  negative,  but 
as  these  tests  are  not  highly  sensitive,  small  quantities  of  the 
metal  may  have  been  (and  probably  were)  in  the  lymph  even  if 
no  reaction  was  obtained  to  indicate  its  presence. 

Respiration  and  oxidation.  The  respiration  is  very  markedly 
affected  by  vanadium.  The  action  appears  to  be  due  to  a  direct 
central  influence.  When  large  doses  are  administered  a  marked 
dyspnoea  appears  early.  I  have  suspected  several  times  that 
some  constriction  of  the  bronchial  musculature  may  take  place 
and  thereby  hamper  the  respiration,  but  I  have  not  as  yet  sat- 
isfactorily demonstrated  this  in  an  experiment.     On  ausculta- 


PHARMACOLOGICAL   ACTION    OF   VANADIUM  489 

tion  the  breath  sounds  of  the  dog  are  harsh,  but  injection  of  vana- 
dium in  moderate  doses  appears  not  to  appreciably  modify  their 
character.  The  dyspnoea  under  toxic  doses  often  reminds  one 
of  that  produced  by  aconitine,  but  it  is  not  so  irregular  in  the  early 
stages  of  the  poisoning  as  is  the  case  with  aconite.  Late  in  the 
intoxication  with  vanadium  the  animal  breathes  only  by  shallow, 
infrequent  gasps.  These  grow  gradually  more  and  more  feeble 
and  finally  cease,  a  few  weak  asphyxial  convulsipns  generally 
marking  the  termination  of  the  intoxication.  The  heart  beat  per- 
sists until  after  paralysis  of  the  respiration. 

Witz  and  Osmond  early  called  attention  to  the  possibility  of 
an  oxidizing  action  which  they  conceived  vanadium  salts  might 
have  in  the  body.  Many  clinicians  (mostly  French)  took  up 
this  id^a  and  from  it  a  considerable  number  of  preparations, 
which  are  now  on  the  market,  have  arisen.  According  to  this 
notion,  vanadium  plays  the  part  of  an  oxygen  carrier.  It  is 
described  as  deriving  oxygen  from  the  oxyhaemoglobin  (by  which, 
for  example,  vanadic  acid,  or  pervanadic  acid,  is  formed  in  the 
tissues)  and  then  passing,  or  rather  forcing,  this  oxygen  on  to  the 
tissues.  (A  reduction  of  the  vanadic,  or  pervanadic,  to  the  hypo- 
vanadic  acid  thus  follows.  This  in  turn  seizes  oxygen  from  the 
oxyhaemoglobin  and  vanadic  acid  is  thus  re-formed.) 

The  marked  instability  of  certain  vanadium  combinations  and 
its  well  known  powers  of  producing  chemical  oxidations  outside 
the  body  seem  to  have  first  led  to  this  conception  of  its  action 
in  the  animal  body.  It  thus  appears  to  ''increase  the  oxidations 
of  the  body."  As  proof  of  this  action  the  evidence  seems  to  be 
that  there  have  been  noted,  clinically,  an  increase  of  urine  flow, 
a  rise  in  the  urea  excretion  and  a  decrease  in  uric  acid  output, 
an  increase  in  appetite,  strength  and  weight,  and  general  bright- 
ening up  of  the  patient's  mental  outlook  From  time  to  time  con- 
firmation of  many  of  these  observations  has  also  been  reported 
from  animal  experiments.  It  has  also  been  claimed  to  decrease 
the  urinary  sugar  output  in  diabetes.  It  has  been  claimed  that 
very  minute  quantities  of  the  substance  are  sufficient  to  cause  a 
great  increase  in  the  tissue  exchanges,  and  the  activity  has  thus 
been  compared  to  a  ferment  action,  in  fact  a  sort  of  peroxidase 
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reaction.  And  inasmuch  as  the  vanadium  is  described  as  carry- 
ing out  a  reversible  process,  so  far  as  the  metal  itself  is  concerned, 
it  would  seem  that  we  have  to  deal  here  with  what  one  American 
writer  has  called  a  sort  of  ''perpetual  motion"  regenerator  of 
the  vitalities  of  the  organism.  On  the  basis  of  these  alternate 
oxidations  and  reductions  a  comparison  has  been  made  between 
the  action  of  vanadium  and  that  of  arsenic  and  arsenious  acids 
as  described  by  Binz  and  Schulz. 

This  view  of  the  oxidative  powers  of  vanadium  has  not,  how- 
ever, passed  unchallenged.  It  is  rather  difficult  to  devise  a  set 
of  experiments  which  will  definitely  decide  a  point  of  this  nature. 
Professor  Soulier  was  inclined  to  question  whether  or  not  the 
vanadium  might  just  as  readily  take  oxygen  from  the  cells  as 
from  the  haemoglobin.  Lyonnet,  Guinard,  Martz  and  Martin^ 
who  believed  the  main  action  of  the  drug  rested  on  its  oxidative 
powers,  studied  the  respiratory  output  of  carbon  dioxide  in  guinea 
pigs  treated  by  the  subcutaneous  administration  of  vanadium. 
Their  results  varied,  for  they  ''sometimes  obtained  an  increase 
and  sometimes  a  decrease"  in  the  amount  of  CO2  exhaled. 

I  have  attempted  to  determine  the  effect  of  vanadium  on  the 
total  pulmonary  ventilation  by  means  of  a  spirometer,  by  which 
the  volume  of  expired  air  per  minute  was  carefully  measured  both 
before  and  after  the  administration  of  vanadium.  The  animals 
were  etherized  and  a  blood  pressure  tracing  was  taken  from  the 
right  carotid  artery.  The  blood  pressure  was  carefully  observed 
in  order  to  keep  a  check  on  the  animal's  condition.  A  consider- 
able number  of  determinations  were  made  in  order  to  establish 
the  normal  rate  of  respiration,  and  then  a  very  small  dose  of  the 
drug  (sodium  ortho vanadate)  was  injected  into  the  left  femoral 
vein.  Observations  were  then  recorded  for  a  time,  and  after 
several  minutes  another  injection  was  made  and  more  observa- 
tions were  recorded.  In  this  manner  the  effect  of  very  small, 
medium  and  large  doses  were  studied  on  each  animal. 

On  the  whole  the  results  were  not  very  conclusive.  It  is  diffi- 
cult to  control  the  degree  of  anaesthesia,  and  slight  variations 

>  Soc.  Biol.,  1899,  22  Juillet,  p.  708. 
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in  the  narcosis  produce  immediate  results  in  the  respiratory  read- 
ings. It  is  only  by  averaging  the  readings  for  a  large  number  of 
determinations  that  these  errors  can  be  approximately  corrected. 
It  seems  that  with  small  doses  such  as  would  have  to  be  used  ther- 
apeutically, the  results  are  very  variable.  Perhaps  in  over  half 
the  cases  a  slight  increase  in  the  total  amount  of  air  passing 
through  the  lungs  is  shown.  And  in  some  cases  this  undoubt- 
edly occurs.  I  am  inclined  to  doubt  very  much,  however,  that 
this  is  any  definite  indication  that  the  drug  has  increased  the 
metabolism  of  the  body  by  its  oxidizing  powers.  For  much  more 
striking  results  in  this  direction  may  be  obtained  with  many  other 
drugs,  e.g.,  atropine  or  apomorphine.  And  further,  vanadium 
has  marked  specific  actions  in  other  directions  which  may  quite 
readily  account  for  most  of  the  phenomena  which  have  been 
attributed  to  it  on  the  basis  of  its  oxidizing  powers.  And  it  seems 
very  evident  that  most  of  the  workers  who  have  attempted  to 
utilize  the  metal  therapeutically,  were  unaware  of  the  main  action 
of  the  drug.  A  complicating  phenomenon  which  must  be  con- 
sidered in  relation  to  all  such  experiments  as  ordinarily  performed 
is  the  fall  in  temperature  which  follows  the  injection  of  vanadium. 
This  factor  undoubtedly  would  influence  the  respiration  and 
consequently  neither  carbon  dioxide  output  nor  total  pulmonary 
ventilation  could  throw  much  light  on  the  oxidizing  powers  of 
the  substance  in  the  tissues. 

Heart.  The  action  on  the  heart  has  been  the  subject  of  much 
discussion  in  the  literature.  The  older  writers  seemed  to  believe 
that  some  "intrinsic  nervous  mechanism"  was  directly  influenced 
by  the -metal.  A  little  later  the  notion  became  established  that 
vanadium  acted  very  much  in  the  same  manner  as  digitalis, 
strengthening  the  heart  muscle,  and  slowing  its  beat  from  central 
vagus  stimulation.  This  view  appears  to  be  the  one  generally 
quoted  at  the  present.  Lyonnet,  Martz  and  Martin  found  the 
cardiovascular  system  but  little  influenced,  while  HaUion  and 
Laran,  and  Luzzatto  found  that  the  substance  produced  a  rise 
in  pressure.  Hallion  and  Laran  observed  a  marked  irregularity 
of  the  heart  in  animals  treated  by  injections  of  vanadium.  On 
section  of  the  vagi  nerves  this  irregularity  at  once  ceased,  and 
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they,  therefore,  attributed  it  to  a  strong  medullary  stimulation. 
This  they  also  appear  to  have  considered  ample  evidence  that 
the  marked  rise  in  pressure  followed  an  analogous  stimulation  of 
the  vaso-constrictor  center.  Most  observers,  in  studying  the 
cardiac  action  of  the  substance  appear  to  have  used  frogs  for 
their  experiments.  In  the  mammalian  heart,  however,  the  digi- 
talis action  appears  to  be  very  much  less,  in  fact  in  many  cases 
the  sole  action  on  the  heart  seems  to  be  a  slowing  of  its  rhythm. 
With  moderate  doses,  tracings  taken  directly  from  the  exposed 
heart  (dog)  usually  show  but  little  change  in  the  amplitude  of 
the  beat  with  perhaps  a  little  increase  in  diastole,  and  a  corre- 
sponding decrease  in  systole.  Probably  this  effect  on  systole 
and  diastole  is  a  direct  result  of  the  general  rise  in  blood  pressure 
in  which  the  heart  appears  not  to  take  any  prominent  part.  The 
slowing  of  the  mammalian  heart  is  usually  partly  due  to  vagus 
action  for  section  of  both  vagi  may  accelerate  the  beat.  But  this 
does  not  seem  to  always  be  the  case  for  slowing  sometimes  occurs 
with  approximately  the  same  sized  doses  of  vanadium  after 
section  of  the  vagi,  or  injection  of  atropine.  And  a  small  injec- 
tion of  epinephrine  will  at  once  greatly  stimulate  and  accelerate 
a  heart  which  has  been  slowed  by  vanadium.  It  appears,  there- 
fore, that  the  action  of  the  metal  must  be  directly  on  the  heart 
muscle.  It  may  further  be  noted  that  the  extreme  contraction 
of  the  left  chambers  of  the  heart  seen  in  rabbits,  which  are  rapidly 
killed  by  the  intravenous  injection  of  large  doses  of  vanadium, 
indicates  a  direct  action  on  the  heart  tissue  itself. 

In  ordinary  therapeutic  doses  it  does  not  seem  probable  that 
«this  cardiac  action  could  be  very  great,  and  in  all  likelihood  would 
not  generally  be  noticed  at  all.  This  point,  however,  cannot  be 
fully  determined  by  animal  experiments  alone. 

Vessels,  temperature.  It  is  on  the  vessels  that  the  most  strik- 
ing action  of  vanadium  is  observed.  The  general  blood  pressure 
is  rapidly  raised  and  maintained  at  a  higher  level  for  some  time. 
This  has  long  been  explained  as  due  to  a  strong  stimulation  of 
the  bulbar  cardiovascular  centers.  Hallion  and  Laran  believed 
they  had  found  amply  justification  for  this  view,  when  after  sec- 
tion of  the  vagi  nerves  the  heart  which  had  become  irregular 
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following  injections  of  vanadium  at  once  became  regular  and 
showed  its  normal  beat.  They  found  the  blood  pressure  was 
elevated  at  the  same  time,  and  by  analogy  they  decided  that  the 
bulbar  vasoconstrictor  center  was  also  stimulated.  This  view 
of  the  action  of  the  drug  coincided  quite  closely  with  that  regard- 
ing the  action  of  digitalis.  Lyonnet,  Martz  and  Martin,  whose 
work  has  been  extensively  quoted,  failed  to  obtain  any  marked 
rise  in  blood  pressure,  and  were  of  the  opinion  that  the  cardio- 
vascular system  was  not  greatly  influenced  by  the  drug.  It  has 
been  stated  that  the  excitability  of  the  vagus  nerve  is  depressed 
by  the  substance.  I  have  not  noted  any  such  results,  but  elec- 
trical stimulation  of  the  vagus  trunk  slows  or  stops  the  heart 
throughout  the  whole  course  of  the  intoxication  in  the  dog. 

When  the  volume  of  the  kidney,  spleen  or  an  intestinal  loop 
is  recorded  in  an  animal  which  is  injected  intravenously  with  a 
solution  of  sodium  vanadate,  a  most  profound  constriction  of 
the  organ  or  intestine  is  observed.  It  appears  that  Hallion  and 
Laran  also  observed  a  shrinkage  in  the  kidney,  and  sometimes 
of  other  organs.  They  attributed  this  result  to  a  strong  central 
bulbar  stimulation. 

During  the  course  of  an  experiment  one  day  I  was  impressed 
with  the  great  resemblance  which  a  tracing  I  obtained  bore  to 
the  action  of  nicotine  under  similar  conditions.  This  led  me  to 
make  a  further  examination  of  the  vascular  action  of  the  metal. 
I  accordingly  etherized  an  animal  and  arranged  to  record  its 
blood  pressure,  respiration  and  kidney  volume.  The  cord  was 
then  severed  within  the  body  of  the  fifth  cervical  vertebra.  The 
respiration  ceased  for  a  little  while  then  became  wholly  abdom- 
inal, showing  the  action  of  the  phrenics.  The  blood  pressure  fell 
at  once  to  a  level  far  below  the  normal  and  as  soon  as  the  animal 
had  regained  its  equilibrium  a  dose  of  sodium  orthovanadate 
was  injected  into  the  femoral  vein.  The  blood  pressure  rose  in 
practically  the  normal  manner,  and  to  approximately  the  usual 
extent  as  observed  in  an  intact  animal.  At  the  same  time  a  very 
great  constriction  of  the  kidney  occurred  (Fig.  1).  This  made 
it  clear  that  the  rise  in  pressure  and  renal  constriction  could  not 
be  of  central  origin.     In  order  to  still  further  verify  the  obser- 
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Fig.  1.    Kidney  Volume,  Respiratory  and  Blood  Pressure  Tracings  from 

A  Dog 
At  the  point  marked  "  x"  the  spinal  cord  was  divided  within  the  body  of  the  fifth 
cervical  vertebra.  The  carotid  pressure  fell  to  48  mm.  of  mercury,  the  kidney  vol- 
ume slightly  increased  and  the  respiration  ceased  for  a  short  time  from  the  shock 
of  the  operation  but  soon  returned,  being  then  wholly  diaphragmatic  Injection 
of  sodium  orthovanadate  then  caused  a  moderate  rise  in  blood  pressure  and  a 
marked  contraction  of  the  kidney  volume.  This  proves  that  the  medullary  cen- 
ters have  little  or  nothing  to  do  with  the  ordinary  vascular  action  of  the  metal, 
for  the  rise  in  blood  pressure  and  shrinkage  in  kidney  volume  are  practically  iden- 
tically the  same  as  they  would  have  been  in  the  intact  animal.  This  can  be  even 
more  clearly  demonstrated  in  the  decapitated  animal. 
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vation,  however,  a  number  of  other  experiments  were  performed 
in  which  the  entire  head  was  removed  from  the  animal  and  blood 
pressure  and  kidney  volume  recorded.  These  experiments  com- 
pletely verified  the  former  observation,  the  vascular  action  (kid- 
ney volume,  slowing  of  the  heart,  and  general  rise  in  pressure) 
being  practically  identically  the  same  in  the  decapitated  animal 
as  in  the  normal  intact  organism. 

The  resemblance  of  vanadium  tracings  to  those  obtained  by 
the  injection  of  nicotine  led  me  to  suspect  an  action  on  some 
peripheral  nervous  mechanism.  In  order  to  study  this  point  a 
long  series  of  experiments  were  performed,  a  number  of  the  results 
of  which  will  be  more  fully  discussed  in  a  later  section.  It  will 
suffice  at  present  to  state  that  no  certainly  positive  proof  of  any 
nervous  action  has  so  far  been  demonstrated.  But  on  the  other 
hand,  no  definite  proof  has  been  obtained  to  show  that  such  a 
nervous  mechanism  is  not  brought  into  activity. 

It  has  been  mentioned  in  the  literature  that  the  Traube-Hering 
curves  disappear  after  injections  of  vanadium.  I  have  repeatedly 
observed  these  phenomena  until  an  extremely  late  stage  in  the 
intoxication.  These  curves  may,  however,  be  greatly  influenced 
from  an  indirect  cause.  For  certain  results  obtained  by  the  use 
of  the  oncometer  undoubtedly  point  to  a  marked  peripheral  influ- 
ence upon  the  general  blood  pressure.  And  vanadium  appears 
to  have  actions  in  this  direction  which,  so  far  as  I  have  been  able 
to  determine,  have  not  been  described  in  connection  with  any 
other  drug.  In  the  normal  intact  animal  the  final  fall  of  blood 
pressure  is  due  to  heart  weakness  and  central  paralysis. 

In  proportion  to  the  rise  in  general  blood  pressure,  the  shrink- 
age in  volume  of  the  kidney,  spleen  or  intestinal  loop  under  the 
influence  of  vanadium  is  by  far  greater  than  that  produced  by 
any  other  drug,  with  the  action  of  which  I  am  acquainted.  A 
comparison  with  the  active  principle  of  the  suprarenal  glands 
may  serve  to  make  this  clear,  ^\^len  a  small  dose  of  this  sub- 
stance is  injected,  there  will  be  produced  a  small  rise  in  blood 
pressure  and  a  small  shrinkage  of  kidney  volume.  Let  us  suppose, 
for  example,  that  the  rise  in  blood  pressure  produced  by  a  given 
dose  of  epinephrine  in  a  medium  sized  dog  amounts  to  25  mm.  of 
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mercury,  and  that  the  kidney  volume  is  recorded  on  the  drum 
by  means  of  air  transmission  from  a  good  oncometer  to  a  fairly 
sensitive  recording  tambour.  Then  if,  following  the  administra- 
tion of  the  epinephrine,  a  dose  of  vanadium  sufficient  to  give  an 
equal  rise  in  general  blood  pressure  (25  mm.)  is  injected  intra- 
venously the  shrinkage  in  kidney  volume  will  be  vastly  greater 
than  it  was  under  the  epinephrine.  This  holds  good  for  the 
kidney,  spleen  and  intestine.  I  have  not  tested  out  any  other 
of  the  visceral  organs.  It  should  be  noted,  in  regard  to  this  exper- 
iment, that  the  rise  in  general  blood  pressure  produced  by  vana- 
dium soon  reaches  its  maximum  limit,  i.e.,  a  rise  of  40  or  50  mm., 
depending  on  the  animal  (dogs)  will  be  the  maximum  which  the 
drug  will  produce  in  a  given  animal,  no  matter  how  large  a  dose 
may  be  injected  after  the  maximum  height  of  pressure  has  been 
reached.  This  is  very  much  more  limited  than  is  the  case  with 
epinephrine.  This  phenomenon,  which  has  been  observed  by 
others,  has  so  far  proved  very  perplexing,  for  it  stands  to 
reason  that  if  a  small  dose  of  vanadium  will  give  a  slight  rise  in 
general  blood  pressure,  then  a  very  much  greater  dose  should 
give  a  correspondingly  greater  rise,  as  in  general  is  the  case  with 
epinephrine.  The  reason  for  this,  I  believe,  I  have  been  able  to 
demonstrate  in  a  fairly  satisfactory  manner.  Epinephrine  acts 
on  the  vessels  of  nearly  all  the  regions  of  the  body.  But  these 
appear  to  vary  somewhat  in  their  sensitive:,  ess  and  response  to 
the  drug,  so  that  when  the  maximum  contraction  is  approximately 
reached  in  one  area,  there  will  be  other  areas  still  capable  of 
responding  if  the  dose  be  increased  in  quantity.  Apparently 
this  latitude  for  action  is  very  much  more  limited  for  vanadium 
than  for  adrenaline.  For  while  the  vaso-constriction  of  the 
abdominal  organs  appears  to  be  possibly  more  profound  than 
can  be  produced  by  adrenaline,  the  other  regions  of  the  body 
seem  to  respond  but  little  to  the  action  of  the  metal.  And  the 
maximum  limit  of  contraction  in  the  visceral  organs  is  soon 
reached,  and  with  comparatively  small  doses  of  the  metal.  Larger 
doses  then  do  not  seem  to  have  any  very  marked  effect  on  the 
general  blood  pressure.  If  one  carefully  records  the  volume  of 
the  kidney  (Fig.  2)  or  spleen  (Fig.  3),  and  at  the  same  time  takes 
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plethysmographic  tracings  of  one  of  the  hind  Hmbs  (Fig.  2)  of 
an  animal,  it  will  be  observed  that  an  injection  of  vanadium  causes 
a  constriction  of  the  visceral  organs  but  an  increase  in  the  volume  of 
the  leg.  This  does  not  mean  that  an  active  dilatation  of  the  limb 
vessels  occurs,  but  that  a  passive  increase  in  volume  is  produced 
by  the  marked  abdominal  displacement  of  blood.  If  the  volume 
of  the  leg,  which  has  been  removed  from  the  animal,  and  perfused 
with  Ringer's  solution  be  recorded,  it  will  be  found  that  the  addi- 
tion of  vanadium  to  the  perfusing  solution  will  cause  a  small  con- 
striction of  the  limb.  This  shows  that  the  metal  tends  to  con- 
strict the  muscular  vessels  as  well  as  those  of  the  viscera,  but 
the  effects  on  the  latter  are  so  vastly  much  greater  that  in  the 
normal  intact  anihial  probably  no  constriction  at  all  of  the  former 
would  be  produced  by  administration  of  the  substance.  This 
action  might  seem  to  be  a  fair  basis  for  its  use  in  hemorrhages 
of  the  kidney,  spleen  or  intestine.  But  in  regard  to  the  latter 
it  should  be  remembered  that  the  body  also  increases  the  peristal- 
tic movements.  And  possibly  some  such  action  occurs  in  the 
kidney  and  spleen. 

A  comparison  of  the  action  of  vanadium  with  that  of  barium 
on  the  vascular  system  may  serve  to  explain  some  of  the  actions 
of  the  former.  If  the  general  blood  pressure  and  the  kidney  vol- 
ume both  be  recorded  in  an  animal,  and  a  moderate  dose  of  barium 
chloride  be  injected  intravenously,  there  will  be  produced  a 
marked  rise  in  blood  pressure  and  a  small  decrease  in  kidney  vol- 
imie.  If,  following  this  result,  a  moderate  dose  of  vanadium  be 
injected,  there  will  be  produced  a  rise  in  blood  pressure  which 
rather  closely  resembles  the  former,  but  the  decrease  in  kidney 
volume  will  be  very  vastly  greater  in  extent  than  was  produced 
with  the  barium  (Fig.  4).  Barium  has  long  been  described  as 
acting  directly  on  the  musculature  of  the  heart  and  blood  vessels. 
The  comparative  effects  of  these  two  substances  on  the  circula- 
tion in  this  case  would  seem  to  indicate  that  vanadium  either 
possesses  a  very  much  greater  action  on  the  visceral  vessels,  or 
else  that  this  substance  brings  into  action  some  nervous  mechan- 
ism. It  is  probable  that  most  of  the  increase  in  general  vascular 
tension  under  barium  is  due  to  direct  stimulation  of  the  heart, 
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and  that  the  vessels  themselves  are  much  less  affected.  With 
vanadium,  however,  the  process  must  be  very  different.  For 
the  heart  is  but  little  (if  indeed  at  all)  stimulated  while  the  vis- 
ceral vessels  are  greatly  constricted  and  the  remaining  vessels 
of  the  body,  while  perhaps  tending  to  constrict,  may  really  be 
shghtly  dilated.  It  will  be  recalled  that  a  very  similar  difference 
in  action  between  these  two  bodies  was  described  in  connection 


Fig.  4.    Kidney  Volume,  Blood  Pkessuke  and  Respiratory  Tracings  from  a 

Normal  Etherized  Dog 


Injection  of  barium  chloride  produces  a  rise  in  blood  pressure  and  a  slight  con- 
traction of  the  kidney  volume.  Later  an  injection  of  sodium  orthovanadate  gives 
a  similar  rise  in  pressure  but  a  very  marked  shrinkage  in  kidney  volume.  Inspira- 
tion =  downstroke.  The  lever  of  the  kidney  tambour  fell  to  the  cup  of  the 
instrument  and  marked  a  straight  line.  A  small  amount  of  air  or  fluid  was  thus 
probably  aspirated  into  the  oncometer  or  t  mbour  and  tubing.  Consequently  the 
recorded  ascent  of  the  tracing  later  probably  appears  more  rapid  than  it  should. 
This  tracing  shows  the  relative  cardiac  and  vascular  action  of  barium  and  vanadium. 
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with  the  intestinal  movements.  On  the  basis  of  these  experi- 
ments it  cannot  be  decided  whether  vanadium  acts  on  the  muscle 
fibers,  on  the  nervous  mechanisms,  or  on  both. 

In  order  to  test  this  point  still  further,  an  attempt  was  made 
to  utilize  the  action  of  apocodeine.  But  the  results  were  not  at  all 
conclusive,  and  consequently  could  not  be  considered.  Further 
experiments  in  this  direction  are  now  being  carried  out  with 
ergotoxine. 

Solutions  of  sodium  ortho-  or  metavanadate  are  slightly  alka- 
line in  reaction.  It  seemed  possible  that  this  alkalinity  might 
exercise  some  effect  on  the  general  action  of  the  solutions.  In 
order  to  determine  this  point  a  solution  of  sodium  hydrate  of 
approximately  the  same  strength  of  alkalinity  was  injected  into 
an  animal  in  about  the  same  sized  doses  as  were  used  of  vanadium. 
The  pure  alkali  solution  produced  but  very  little  effect  while 
the  vanadium  solution  was  highly  active.  Incidentally  it  may 
be  mentioned  that  careful  tests  demonstrated  that  the  vanadium 
solutions  used  for  intravenous  injections  do  not  produce  intravas- 
cular precipitation. 

It  appears  that  vanadium  exercises  a  sort  of  strict  selective 
action  for  the  vessels  of  the  abdominal  viscera.  This  indicates 
in  a  way,  a  nervous  action,  for  the  visceral  vessels  respond  more 
readily  than  those  of  most  other  regions  of  the  body  to  nervous 
influences.  It  must,  however,  be  borne  in  mind  that  these  ves- 
sels may  also  be  more  responsive  to  strictly  muscular  poisons. 

It  seems  that  the  metal  may  be  largely  excreted  by  the  intes- 
tines and  perhaps  by  the  kidneys.  Possibly  the  tissues  of  these 
organs  seize  upon  the  vanadium  circulating  in  the  blood  and 
tend  to  hold  it  in  the  rather  limited  area  represented  by  these 
organs,  in  order  that  it  may  be  more  readily  excreted.  In  that 
case  one  must  remember  that  the  spleen  is  also  profoundly  con- 
tracted in  volume  by  the  metal,  and  this  organ  probably  takes  no 
part  in  the  excretion  of  the  substance. 

Temperature.  It  has  often  been  observed  in  animal  experiments 
that  the  temperature  may  fall  suddenly  folowing  an  injection  of 
vanadium.  It  has  also  been  repeatedly  reported  that  the  fever  of 
patients  treated  with  the  substance  undergoes  a  reduction.    Weber 
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Fig.  5.  Reading  from  Top  to  Bottom,  Kidney  Volume,  Uterus,  Time  in 
Seconds,  Spleen  Volume,  Right  Carotid  Pressure  and  Respiratory 
Tracings   from  a  Dog 

The  animal  had  previously  received  several  injections  of  sodium  orthovan- 
adate.  At  "x,  x,"  another  injection  of  vanadium  was  given.  The  rise  in  blood 
pressure  is  much  slower  and  less  in  extent  than  occurred  at  first.  The  heart  is 
considerably  slowed  as  shown  by  the  increased  amplitude  of  the  manometer 
tracing.  The  spleen  and  kidney  still  contract  markedly  but  very  much  less 
than  at  the  first  injection.  Later  adrenaline  was  injected.  The  contraction  of 
the  kidney  and  spleen  is  very  small,  while  the  rise  in  pressure  is  almost  wholly 
overcome  by  slowing  of  the  heart.  This  shows  that  repeated  injections  of 
vanadium  counteract  the  action  of  epinephrine. 
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believed  that  he  observed  a  rise  in  temperature  under  the  latter  con- 
ditions but  Delarue  hastened  to  contradict  him  on  this  point.  In 
my  own  experiments  I  have  confirmed  the  reduction  of  tempera- 
ture. So  far  no  explanation  has  been  accepted  for  this  phenomenon. 
Weber  compared  the  metal  to  tuberculin  and  accounted  for  the  rise 
in  fever  in  the  same  way  as  it  might  follow  the  use  of  tuberculin. 
Delarue  objected  to  this  explanation  on  the  basis  that  if  the  vana- 
dium cured  or  ameliorated  the  tuberculous  patients  then  the  metal 
acted  not  after  the  manner  of  tuberculin  but  rather  as  an  anti- 
tuberculin.  And  he  suspected  that  the  ''vanadine"  or  other 
vanadium  preparations  acted  by  destroying  in  some  way  the 
toxins  produced  in  the  disease.  It  appears  that  he  would  accept 
this  as  an  explanation  for  the  reduction  in  temperature  which 
he  observed. 

Personally  I  am  not  inclined  to  give  much  weight  to  either  of 
these  arguments.  For  the  marked  constriction  of  the  visceral 
vessels  and  the  corresponding  dilation  of  those  of  the  limbs  and 
skin  which  is  shown  in  Fig.  2  seems  to  be  a  sufficient  cause  to 
produce  a  lowering  of  the  temperature,  simply  by  increased  heat 
loss  at  the  surface  of  the  body.  There  can  be  but  little  doubt 
that  some  of  the  clinicians  have  ehcited  this  action  in  their 
patients,  for  Weber  himself  found  the  drug  contraindicated  in 
arteriosclerosis  because  the  rise  in  pressure  was  hable  to  cause  dis- 
astrous results.  The  fact  that  he  noted  a  rise  in  pressure  seems 
very  good  evidence  that  he  had  obtained  a  constriction  of  the 
visceral  organs. 

Perfusion  experiments.  In  order  to  determine  the  action  of 
the  metal  on  the  vessels  themselves  a  series  of  experiments  were 
performed  in  which  excised  organs  were  perfused  with  Ringer's 
solution  to  which  whipped  blood  was  sometimes  added.  A  per- 
fusion apparatus  was  arranged  in  such  a  manner  that  the  flow  of 
the  solution  into  the  artery  of  the  organ  was  interrupted  at  reg- 
ular intervals  by  means  of  a  water  motor,  the  rate  of  the  interrup- 
tion being  about  the  same  as  that  of  the  rate  of  heart  beat.  The 
solution  was  heated  in  a  tube  which  passed  through  a  warm  water 
bath.  The  pressure  under  which  the  solution  entered  the  artery 
was  regulated  by  raising  or  lowering  the  pressure  bottle  hold- 
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ing  the  solution.  The  excised  organ  or  limb  was  placed  inside 
an  airtight  vessel,  either  a  small  tin  box  closed  by  a  broad  rubber 
band  through  which  the  cannulas  passed  (a  notch  being  cut  out 
of  the  side  of  the  box),  or  into  a  bottle  or  jar  each  of  which  was 
closed  by  a  cork  or  board  through  which  the  cannulas  passed. 
The  interior  cavity  of  the  box  or  other  vessel  holding  the  organ 
was  connected  by  means  of  rubber  tubing  to  a  recording  tambour 
which  marked  upon  the  revolving  drum.  Injections  of  drugs 
were  made  by  means  of  a  hypodermic  syringe  the  point  of  which 
was  passed  into  the  tube  leading  into  the  artery.  In  this  way  the 
volume  changes  of  the  perfused  organ  could  be  at  once  recorded 
on  the  drum.  It  was  found  that  the  addition  of  a  small  amount 
of  vanadium  to  the  perfusion  fluid  caused  a  very  great  decrease 
in  volume  of  the  kidney,  spleen  (Fig.  6),  or  an  isolated  loop  of 
intestine,  both  the  ends  of  which  were  firmly  ligated.  The  vol- 
ume of  a  perfused  hind  limb  of  the  dog  was  also  found  to  undergo 
some  decrease,  but  the  extent  was  much  less  in  this  case  than 
with  the  other  organs.  These  experiments  leave  no  room  for 
doubt  that  the  main  action  of  the  drug  consists  in  a  direct 
peripheral  contraction  of  the  vessels,  mainly  of  the  abdominal  area. 
A  comparison  of  the  relative  powers  of  vanadium  and  of  barium  to 
cause  this  constriction  shows  that  vanadium  is  vastly  more  active 
than  the  other  substance.  It  appears  also  to  be  able  to  fully 
equal,  and  possibly  exceed,  the  power  of  epinephrine  (adrenaUne) 
to  cause  shrinkage  in  volume  of  the  perfused  organ.  The  gen- 
eral contour  and  the  extreme  extent  and  rapidity  of  descent  of 
the  curve  of  constriction  of  the  organ  gives  one  an  immediate 
impression  that  we  are  dealing  with  an  action  which  must  be  at 
least  partly  of  nervous  origin.  But  the  apocodeine  experiments 
indicated  that  it  probably  occurs  after  that  drug  in  the  intact 
animal.  And  a  few  preUminary  experiments  indicate  that  con- 
striction also  likely  occurs  after  ergotoxine.  If  barium  is  taken 
as  the  typical  example  of  a  drug  acting  directly  on  the  muscle 
fibers  of  the  arterioles,  then  vanadium  must  either  be  a  very  much 
more  active  body  in  stimulating  the  muscle  fibers  of  the  abdom- 
inal vessels,  or  else  the  metal  must  stimulate  some  nervous  mech- 
anism.    It  is  not  possible  at  present  to  decide  which  of  these 
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possibilities  actually  represents  the  truth.  The  solution  of  this 
problem  may  be  of  considerable  importance  clinically.  The  rate 
of  outflow  from  the  veins  of  perfused  organs  follows  the  volume 
changes  qnite  closely.  It  has  been  noted  before  that  solutions 
of  the  sodium  ortho-  or  metavanadate  are  slightly  alkaline.  In 
order  to  determine  whether  or  not  the  constriction  of  the  organs 
in  these  perfusion  experiments  was  due  to  the  alkalinity,  the  solu- 
tions used  for  perfusion  w^ere  carefully  neutralized  with  tartaric 
acid  in  one  case  and  with  acetic  acid  in  another.  In  both  cases 
the  action  of  the  vanadium  was  practically  identical  with  that 


Fig.  6.    Volume  of  an  Excised  Perfused  Spleen  from  a  Dog 

At  "x"  in  the  tracing  sodium  ortho  vanadate  solution  (1  per  cent)  was  added 
to  the  perfusing  fluid  (Ringer's  solution  plus  whipped  blood).  A  marked  and 
prolonged  contraction  of  the  spleen  volume  followed.  This  shows  the  peripheral 
action  of  the  metal.     For  method  of  perfusing  see  text. 

of  the  unneutralized  solution.  Evidently  the  slight  alkalinity 
of  the  pure  salts  has  but  little  influence  on  their  specific  action. 
Kidneys.  Clinically  it  has  been  observed  that  the  urine  flow 
is  increased  following  the  administration  of  vanadium  prepara- 
tions. This  seems  to  occur  rather  regularly  also  in  animals  which 
are  treated  with  small  daily  doses  of  the  metal.  The  cause  ap- 
pears to  be  a  sort  of  mild  general  stimulation  of  the  visceral  ves- 
sels, and  perhaps  especially  those  of  the  kidney.  It  is  possible 
that  the  metal  may  also  stimulate  the  renal  epithelium,  either 
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directly  by  local  irritation,  or  through  some  nervous  influence. 
I  am  inclined  to  believe,  however,  that  the  vascular  changes  are 
the  main,  if  not  the  sole,  cause  of  any  variation  in  amount  of  urine 
secreted.  In  experiments  with  etherized  animals,  it  appears  that 
all  urine  secretion  is  stopped  when  moderate  doses  are  injected 
intravenously.  The  great  renal  vaso-constriction  seems  to  be 
the  explanation  of  this.  Albuminuria  may  be  produced  by  toxic 
doses.  The  pathological  findings  in  the  kidney  have  already  been 
mentioned. 

Liver.  I  have  not  performed  any  experiments  on  the  liver. 
It  is  to  be  presumed,  however,  than  the  metal  may  exercise  some 
influence  upon  the  organ.  The  vascular  changes  found  after 
death  correspond  quite  closely  with  those  found  in  the  kidney 
and  intestine,  and  by  analogy  one  would  suspect  that  some  simi- 
lar action  was  carried  out  on  the  liver.  The  metal  may  be  partly 
excreted  into  the  bile,  but  I  have  made  no  tests  for  its  presence 
here.  The  clinical  reports  of  changes  in  the  relative  amounts  of 
urea  (increase)  and  uric  acid  (decrease)  in  the  urine  maybe  partly 
dependent  on  changes  produced  by  the  metal  in  the  liver.  But 
this  hepatic  action  may  be  wholly  indirect  in  origin,  and  possibly 
dependent  on  vascular  changes. 

Central  nervous  system.  It  would  appear  that  with  moderate 
doses  the  central  nervous  system  is  not  greatly  influenced.  The 
respiratory  center  seems  to  be  the  most  susceptible  area.  The 
dyspnoea  and  final  respiratory  failure  are  apparently  of  cen- 
tral origin.  I  have  not  observed  any  evidence  of  direct  stim- 
ulation of  any  part  of  the  central  nervous  system  with  the 
possible  exception  of  the  cardio-inhibitory  center.  This  may 
be  slightly  stimulated,  but  the  little  acceleration  of  the  heart 
which  follows  section  of  the  vagi  is  probably  not  noticeably  in 
excess  of  that  produced  in  this  manner  in  the  normal  animal. 
With  large,but  not  fatal  doses, consciousness  seems  not  to  be  greatly 
affected.  But  with  very  large  quantities  a  marked  depression 
and  somnolent  condition  is  soon  produced.  The  salivation  and 
emesis  probably  do  not  depend  on  direct  central  stimulation. 

Smooth  muscle.  The  action  on  the  intestine  and  vessels  has 
already  been  described.     The  kidney  and  spleen  show,  at  some 
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stage  in  the  stimulation  and  in  practically  all  cases,  a  peculiar 
phenomena  which  consists  in  a  sort  of  peristaltic  motion.  The 
intestine  may  also  show  this,  but  here  the  true  peristalsis  of  the 
digestive  movements  may  be  concerned.  The  normal  rhythmic 
movements  of  the  spleen  may  also  be  involved  in  some  of  the 
cases.  But  it  is  perhaps  in  the  kidney  that  this  phenomenon 
shows  best.  It  comes  on  usually  some  time  after  an  intravenous 
injection  has  been  made.  It  consists  of  a  peculiar  irregular  alter- 
nate constriction  and  dilatation  of  the  volume  of  the  organ.  It 
seems  to  be  due  to  alternate  contractions  and  relaxations  of  the 
vessels,  for  it  may  occur  in  the  excised  and  perfused  kidney. 

I  have  repeatedly  attempted  to  observe  the  action  on  the  uterus. 
But  in  no  instance  have  I  seen  the  faintest  indication  of  a  contrac- 
tion (Fig.  3).  It  may  be  that  in  the  late  stages  of  gestation  con- 
tractions would  occur,  but  in  the  early  stages  or  in  the  nonpreg- 
nant condition  it  appears  that  the  uterus  is  entirely  unaffected 
by  the  metal  (in  dogs) .  The  pupil  does  not  seem  to  be  affected 
unless  indirectly  from  excitement,  etc.  Stimulation  of  the  sympa- 
thetic fibers  causes  dilatation  throughout  the  whole  course  of 
the  intoxication. 

Feeding  experiments.  A  long  series  of  experiments  have  been 
carried  out  in  this  line,  but  the  results  have  not  been  wholly  sat- 
isfactory. I  shall  therefore  be  extremely  guarded  in  any  con- 
clusions which  I  may  draw  from  them.  It  seems  that  this  has 
been  the  favorite  mode  of  experimentation  with  most  workers  in 
the  past.  Many  observers  have  found  that  dailj'  administration  of 
small  doses  to  animals  caused  an  increase  in  the  appetite,  weight 
and  strength  of  the  animal.  It  seems  that  this  occurs  in  ani- 
mals which  are  perfectly  normal  at  the  beginning  of  the  experi- 
ment. There  is  an  increase  in  the  amount  of  urine  excreted. 
It  has  also  been  claimed  that  the  number  of  red  cells  is  increased 
in  the  blood.  A  number  of  these  observations  I  have  been  able 
to  verify  in  my  own  experiments.  When  larger  doses  are  given 
there  is  produced  a  loss  in  weight,  anorexia,  weakness,  etc.  I  have 
noted  that  a  rather  marked  diarrhoea  usually  persists  for  some 
time  and  then  seems  to  cease.  A  greenish-yellow  pus  usually 
appears  about  the  eyes.     Vomiting  may  be  present,  and  occasion- 


508  ..  ,         D.   E.   JACKSON 

ally  slight  indications  of  pulmonary  involvement.  I  have  not 
found  peripheral  neuritis  to  be  produced  by  the  substance.  But 
sometimes  the  animals  draw  themselves  up  in  a  manner  which 
one  would  suspect  indicated  the  presence  of  colic.  The  fatty 
degenerations  of  the  internal  organs,  as  observed  by  others,  have 
been  mentioned  in  a  previous  section. 

I  have  not  yet  been  able  to  fully  complete  my  observations  on 
the  chronic  changes  in  the  blood.  Numerous  smear  prepara- 
tions have  been  made  from  day  to  day  from  the  blood  of  the  ani- 
mals. In  many  instances  these  smears  undoubtedly  show  abnor- 
mal cells  in  the  blood.  But  these  variations  are  so  common  in 
the  dogs  obtained  here  that  one  cannot  estimate  the  value  of 
such  findings.  It  seems  that  after  some  time  nucleated  red  cells 
begin  to  appear  in  the  blood.  The  cause  of  these  conditions  is 
obscure.  I  have  suspected  that  this  might  result  from  hem- 
orrhages into  the  intestine,  but  tests  for  occult  blood  in  the  feces 
seem  to  pretty  generally  be  negative,  at  least  unless  a  marked 
diarrhoea  be  present.  I  have  not  observed  any  stippling  of  the 
red  cells  as  occurs  in  chronic  lead  poisoning. 

The  metal  does  not  seem  to  be  very  poisonous,  for  average 
sized  dogs  may  readily  take  9  or  10  mm.  of  the  chloride  pr  ortho- 
vanadate  six  days  a  week,  and  live  indefinitely  if  properly  cared 
for.  This  observation  may  be  of  value  in  case  the  drug  should 
be  used  therapeutically.  The  action,  however,  seems  to  be  very 
much  less  marked  when  the  metal  is  given  by  stomach  instead 
of  hypodermically  or  intravenously.  But,  as  was  mentioned  in 
a  previous  section,  its  specific  action  may  be  elicited  when  the 
drug  is  given  by  way  of  the  alimentary  canal. 

Comparison  of  ortho-  and  metavanadate  of  sodium.  Larmuth 
determined  that  of  the  sodium  vanadates  the  least  toxic  is  ortho- 
(Na3V04),  the  next  more  poisonous  the  meta-  (NaVOs),  and 
the  most  poisonous  the  pyro-vanadate  (Na4V207).  I  have  used 
only  the  first  two  of  these  salts  and  have  very  generally  verified 
Larmuth's  observations.  A  considerable  discussion  has  been 
carried  on  in  the  literature  regarding  the  reliability  of  the  com- 
mercial preparations  of  these  salts.  I  have  tried  a  number  of 
samples  and  found  practically  no  variation  among  them.     I  have, 
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however,  preferred  to  use  the  recently  imported  Kahlbaum  salts 
when  possible.  Fresh  solutions  were  always  made  up  within  a 
few  minutes  of  the  time  when  injections  were  to  be  made.  I  have 
not  found  other  salts  of  the  metal  nearly  so  satisfactory  for  exper- 
imental purposes  as  the  sodium  ortho-  or  metavanadate.  The 
pyro vanadate  is  not  easily  obtained  in  the  market. 

In  the  long  list  of  diseases  in  which  the  metal  has  been  reported 
to  do  good,  one  might  search  a  long  time  before  he  could  find  any 
common  factor,  the  correction  of  which  might  be  expected  to 
cure  or  greatly  alleviate  the  malady.  Among  this  list  perhaps 
ought  to  be  mentioned  tuberculosis,  anemia,  chlorosis,  lues,  rheu- 
matism, diabetes,  anthritis  deformans,  ''heart  disease,"  cachexia, 
autointoxication,  sciatica,  dropsy,  neurasthenia,  myelitis,  chorea, 
"dyspepsia,"  anorexia,  bronchitis,  skin  affections,  etc.  In  addi- 
tion may  be  mentioned  its  use  as  a  local  antiseptic  in  skin  and 
venereal  diseases. 

So  far  as  I  can  deduce  from  the  literature  and  from  my  own  exper- 
iments I  should  say  that  probably  the  only  actions  of  the  metal 
which  may  be  at  all  utilized  in  the  treatment  of  pathological  con- 
ditions are  those  which  are  exerted  on  the  abdominal  organs. 
These  consist  of  a  marked  localized  peripheral  constriction,  and 
perhaps  toning  up  of  the  vessels  of  the  splanchnic  area;  an  increase 
in  the  peristaltic  movements;  and  apparently  an  increase  in  the 
urine  flow.  This  latter  is  probably  due  mainly  to  the  vascular 
action. 

IV.    CONCLUSIONS 

1.  When  administered  intravenously  the  chief  action  of  vana- 
dium is  expended  on  the  vascular  system.  The  central  nervous 
system  has  but  little  influence  on  this  action,  for  the  rise  in  blood 
pressure  produced  by  injection  of  vanadium  into  an  animal  whose 
head  has  been  removed  from  the  body  is  almost  identical,  both 
in  character  and  extent,  with  the  rise  produced  by  injection  of 
the  metal  into  a  normal  (etherized)  animal. 

2.  With  ordinary  doses  the  mammahanheart  is  but  little  affected. 
The  vagus  endings  in  the  heart  remain  active  throughout  the  whole 
course  of  the  intoxication  in  the  intact  animal.     Betrachian  and 
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chelonian  hearts  seem  to  be  more  directly  affected  by  the  element 
than  is  the  mammalian  heart. 

3.  An  intense  peripheral  vasoconstriction  is  produced  by  the 
metal  in  the  spleen,  kidneys  and  intestines.  In  the  intact  animal 
the  cutaneous  and  muscular  vessels  dilate  from  visceral  displace- 
ment of  the  blood,  but  in  perfusion  experiments  the  limb  volume 
also  decreases  slightly  under  the  action  of  vanadium. 

4.  The  view  held  previously  that  the  rise  in  general  blood  pres- 
sure was  due  to  a  strong  stimulation  of  the  medullary  vasocon- 
strictor center  is  wholly  wrong. 

5.  The  peripheral  constriction  is  due  to  a  localized  action  within 
the  organs  themselves.  It  occurs  in  a  perfectly  normal  manner 
in  the  excised  and  perfused  organs  of  animals,  whose  general 
blood  pressure  has  previously  fallen  to  zero  under  large  doses  of 
the  metal. 

6.  With  repeated  intravenous  injections  of  the  same  sized  doses 
into  an  intact  animal  the  rise  in  blood  pressure  following  each 
injection  regularly  decreases  until  at  length  a  fall  will  be  produced 
by  each  injection.  This  is  due  first  to  weakening  and  paralysis 
of  the  vasoconstrictor  center  and  second  to  a  direct  depression 
of  the  heart. 

7.  With  a  moderate  dose  the  maximum  rise  in  blood  pressure 
will  be  produced  and  a  further  increase  in  the  size  of  the  dose  will 
not  give  any  greater  rise  in  the  pressure.  This  seems  due  to  the 
fact  that  a  moderate  dose  gives  the  maximum  contraction  of  the 
visceral  vessels,  and  a  larger  dose  does  not  produce  any  correspond- 
ing constriction  of  the  remaining  vessels  of  the  body. 

8.  The  peripheral  action  of  vanadium  on  the  visceral  vessels 
is  very  much  greater  than  that  of  barium. 

9.  With  doses  of  epinephrine  and  of  vanadium  so  adjusted  that 
each  will  give  the  same  rise  in  general  blood  pressure,  the  vaso- 
constriction in  the  kidney,  spleen,  and  intestine  produced  by 
vanadium  will  be  very  much  greater  in  extent  and  duration  than 
that  produced  by  the  epinephrine.  On  this  basis  vanadium  may 
possibly  prove  of  use  in  internal  hemorrhages  occurring  in  these 
organs. 
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10.  With  moderate  (intravenous)  injections  the  general  blood 
pressure  usually  returns  approximately  to  its  normal  level  (or 
even  below)  several  minutes  before  the  constriction  in  the  abdom- 
inal organs  disappears. 

11.  There  is  an  increase  in  the  peristaltic  movements  of  the 
intestines.  But  the  local  application  of  vanadium  to  a  loop  of 
intestine  does  not  cause  a  local  anemia  or  a  contraction  of  the 
bowel  wall  as  occurs  with  barium.  These  two  elements  also  differ 
widely  in  their  actions  on  the  heart. 

12.  Smooth  muscle,  except  the  vessels  and  alimentary  canal, 
(and  perhaps  certain  nonstriated  muscular  elements  in  the  spleen 
and  kidney)  does  not  seem  to  be  affected  by  the  metal.  In  toxic 
doses  the  substance  acts  upon  the  kidneys  and  gastrointestinal 
canal  in  a  manner  similar  to  that  of  other  irritating  metallic  bodies. 
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Habit  depends  fundamentally  upon  the  functional  development 
of  certain  physical  structures  within  the  nervous  system  over 
which  impulses  continually  pass  with  invariable  exactness.  As 
an  impulse  passes  over  a  certain  path  this  tract  becomes  more 
susceptible  to  succeeding  impulses,  the  result  being  an  easier  and 
more  complete  performance  of  the  act  called  into  play  by  that 
particular  impulse.  These  paths  of  habit  exist  not  only  in  the 
brain  but  also  in  the  spinal  cord  where  they  are  continually 
engaged  in  reflex  activities. 

The  development  of  habit  pathways,  in  the  cord  especially, 
depends  upon  the  presence  of  external  stimuli  which  elicit  certain 
rather  well  defined  acts.  It  may  be  assumed  in  this  connec- 
tion that  anything  which  may  produce  muscular  movement  even 
though  that  substance  be  within  the  cord  and  in  the  nerve  cells 
themselves  may  be  considered  as  much  an  external  stimulus  as 
any  of  the  habit  producing  events  of  everyday  life. 

Strychnine  acting  on  nerve  cells  in  the  spinal  cord,  the  exact 
locahzation  of  which  has  not  been  definitely  proved,  produces 
muscular  contractions,  tetanic  in  nature,  and  which  represent 
an  enormous  expenditure  of  nervous  energy;  and  certainly,  if 
long  continued,  must  leave  a  lasting  influence  on  the  paths  of 
motor  discharge.  So  the  question  arises,  will  the  impulses  of 
strychnine  spasms  long  continued  leave  pathways  over  which 
succeeding  impulses  of  strychnine  spasms  can  more  easily  travel? 
In  other  words,  will  the  time  required  for,  or  the  ease  of  the  pro- 
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duction  of,  tetanus  with  a  definite  and  constant  dose  of  strychnine 
be  reduced  with  each  succeeding  exhibition  of  the  drug? 

For  these  experiments  frogs  were  selected  as  the  most  prac- 
ticable animals  to  use.  Two  dozen  frogs  of  approximately  uniform 
weight,  25  grams,  were  taken  and  placed  in  separate  wire  cages, 
one  dozen  in  each.  Each  dozen  received  an  initial  injection  of 
iV  mg.  each  of  strychnine  nitrate  on  the  same  da3^  Injections 
were  all  made  into  the  dorsal  lymph  sac,  -3  cc.  of  distilled  water 
containing  the  dose  of  strychnine  used.  Enough  solution  was 
made  up  at  one  time  to  outlast  the  course  of  the  experiments 
in  order  to  avoid  chance  of  error  in  changing  solutions.  The  time 
was  in  no  case  taken  until  the  animal  had  developed  complete 
tetanus,  and  then  the  time  record  for  each  series  of  injections 
consisted  of  an  average  of  the  dozen,  or,  as  experiment  proceeded, 
of  the  surviving  animals.  When  the  number  of  surviving  frogs 
was  reduced  to  four  and  six  respectively  the  experiment  was  dis- 
continued since  the  reliability  of  the  results  would  probably  be 
impaired  by  individual  variations.  In  this  way  our  results,  if 
affected  at  all,  would  be  strengthened  since  it  is  very  likely  that 
the  most  susceptible  frogs  would  be  the  first  to  die,  leaving  the 
more  resistant  to  the  last.  The  following  table  gives  the  history 
of  the  injections  in  detail. 

Tabulated  data  on  injections  of  first  dozen 


INJECTION  OF 

INJECTION  OF 

INJECTION  OF 

INJECTION  OF 

INJECTION  OF 

INJECTION  OK 

OCrOBEK  18 

OCTOBER  25 

NOVEMBER  1 

NOVEMBER  9 

NOVEMBER  16 
16 

NOVEMBER  23 

38 

201 

18 

5 

10 

35 

1 

23 

17 

16 

12 

32 

23 

30 

9 

16 

17 

33 

24 

24 

17 

20 

15 

32^ 

17 

36 

21 

34 

22 

34 

21 

31 

141 

27 

30 

19 

28 

25 

22 

25 

19^ 

18 

23 

26 

13 

26 

27 

17 

17 

Figures  refer  to  time  of  onset  of  spasms  given  in  minutes. 
Frogs  are  dead  where  no  figures  are  given. 
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Tabulated  data  on  injections  of  second  dozen 

INJECTION  OF  OCTOBER  18 

INJECTION  OF 
NOVEMBEB  15 

INJECTION  OF 
NOVKMBEB  22 

INJECTION  OF  DECEMBER  6 

31 

16 

16 

13 

34 

22 

14 

14 

14  ■ 

20 

19 

7 

39 

23 

13 

8 

m 

14 

13 

12 

27 

20 

12 

9 

33 

20 

23 

25 

21 

26 

22 

20 

18 

Tlie  intervals  between  the  injections  were  adjusted  to  rule  out 
any  possible  suggestion  of  cumulative  action.  The  injection 
interval  was  never  less  than  a  week  and  in  the  second  dozen  the 
first  interval  was  one  month.  To  be  doubly  sure  of  complete 
elimination  of  each  dose  of  strychnine  before  the  succeeding  dose 
was  given  control  frogs  were  injected  with  the  same  amount  and 
tissues  analyzed  for  strychnine  by  standard  methods  before  the 
succeeding  injection.  Frogs  dying  during  the  course  of  the  exper- 
iments were  also  analj^zed.  Results  were  found  negative  in  each 
case  as  determined  by  the  sulphuric  acid  and  potassium  bichro- 
mate color  test. 

Summarizing  the  experimental  results  we  deduce  the  following 
table  which  shows  clearh^  the  marked  shortening  in  the  time  re- 
quired for  the  production  of  spasms.  The  figures  give  the  aver- 
age time  in  minutes  for  each  series. 


Table  of  averages  for  first  dozen  tvith  injection  interval 

INTBBTAI. 

NTTMBKB  OF 
FBOGS 

AVEBAQE  TIME 

Initial  injection  of  October  18 

Injection  of  October  25 

Injection  of  November  1 

Injection  of  November  9 

Injection  of  November  16 

days 

7 
7 
8 
7 

7 

12 
12 
12 

6 
4 
4 

mintUes 

30i 

19 

26 

15 

17 

Injection  of  November  23 

m 

518  H.  T.  MOSTROM  AND  H.  McGUIGAN 

Table  of  averages  for  second  dozen  with  injection  interval 


INTBKVAL 

NUMBER  OP 
FROOS 

AVERAGE  TIME 

Initial  injection  of  October  18 

days 

28 

7 

14 

12 

9 
6 
6 

minutes 

26 

Injection  of  November  15 

Injection  of  November  22 

Injection  of  December  6 

201 
14i 
•101 

In  examining  the  above  results  we  find  that  for  the  first  dozen 
the  time  of  the  onset  of  spasms  was  shortened  from  30 J  minutes 
to  13-1  minutes  in  a  period  of  36  days,  the  total  number  of  injec- 
tions being  six.  In  the  second  table  the  data  are  more  in  accord 
with  theory;  this  is  due  probably  to  longer  injection  intervals. 
Here  the  time  was  shortened  from  26  to  10^  minutes  in  a  period 
of  49  days,  the  total  number  of  injections  being  four.  In  addition 
to  a  shortening  of  the  time  of  onset  of  spasms  the  duration  of  the 
spasms  was  prolonged  after  each  injection.  Recovery  from  spasm 
after  the  initial  injection  occurred  in  about  18  hours,  and  after 
later  injections  his  time  was  increased  to  24,  36,  and  48  hours, 
and  in  some  intdividual  instances  to  72  hours.  Thus  the  time 
required  for  recovery  was  found  to  be  directly  proportional  to 
the  number  of  injections.  The  number  of  tetanic  convulsions 
elicited  by  any  one  of  these  injections  would  seem  to  be  numeri- 
cally sufficient  to  develop  a  habit. 

Recalling  the  hypothetical  question  with  which  we  started  we 
find  that  with  succeeding  injections  the  time  required  for  spasms 
to  appear  was  shortened,  in  other  words,  a  convulsive  habit  was 
formed.  This  can  readily  be  associated  with  work  of  other  inves- 
tigators of  strychnine  action  in  which  they  find  in  continued  exper- 
iments an  increased  susceptibility  not  only  in  frogs  but  in  some 
of  the  higher  animals,  rabbit  and  dog  especially.  The  term  habit 
as  used  in  this  paper  does  not  mean  habit  in  the  sense  of  increased 
or  decreased  tolerance,  but  habit  in  its  strictest  psychological 
sense,  meaning  that  with  repetition  of  certain  movements  succeed- 
ing movements  of  the  same  nature  become  more  easy  and  certain 
of  execution;  and  with  the  idea  that  all  movement  is  fundamen- 
tally a  reflex.     Results  here  are  perfectly  analogous  to  develop- 
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ment  of  habit  spasms  or  tics  in  people  of  neurotic  disposition. 
They  are  also  to  be  considered  analogous  to  the  increase  frequency 
of  the  convulsive  seizures  of  epilepsy,  especially  of  traumatic  ori- 
gin, for  in  this  condition  it  can  not  easily  be  assumed  that  the  excit- 
ing spicule  of  bone,  or  whatev^er  the  underlying  cause  may  be, 
increases  its  irritation  intensity  as  time  goes  on;  but  rather  that 
its  influences  are  more  easily  transmitted  to  the  cortical  motor 
cells,  and  after  having  once  reached  them  the  path  is  thereafter 
more  easily  traversible  even  though  the  first  period  of  latencj^ 
extends  over  years. 

Since  sensory  impressions  in  the  form  of  external  stimuli  are 
apparently  necessary  to  produce  strychnine  convulsions  it  follows 
that  the  intermediate  neurons  passing  from  sensory  to  motor  side 
of  cord  must  be  one  of  the  connecting  links  over  which  impulses 
pass.  Under  normal,  conditions  the  motor  response  to  a  sensory 
impression  is,  at  least  to  a  certain  extent,  in  direct  ratio  to  the 
intensity  of  the  sensory  stimulation.  Strychnine  disturbs  this 
balance  so  that  a  very  slight  stimulus  will  produce  a  maximal 
motor  response.  This  motor  response  must  pass  along  certain 
definite  pathways,  some  of  which  are  probably  never  used  under 
normal  conditions.  The  number  of  impulses  passing  over  these 
pathways  even  after  one  injection  are  very  many,  and  with  each 
succeeding  convulsion  must  be  deepened,  or  in  other  terms, 
become  more  susceptible  to,  and  more  easily  traversed  by,  the 
stimuli  which  pass  over  them.  As  this  susceptibility  to  impulses 
is  increased  the  stimulus  necessary  to  elicit  the  reaction  is  reduced, 
or,  the  same  stimulus  produces  a  typical  motor  response  more 
easily  than  at  first :  in  short,  a  habit  is  formed. 
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The  purpose  of  this  research  is  to  determine  what  effect  epineph- 
rine has  on  the  convulsions  produced  by  strychnine,  and  whether 
or  not  epinephrine  may  be  used  as  an  antagonist  for  strychnine 
after  spasms  have  developed  in  the  intact  animal. 

Falta  and  Jocovic,^  from  experiments  on  the  exposed  heart  of 
a  frog,  assert  that  epinephrine  is  a  powerful  antidote  to  strych- 
nine; the  strychnine  depressed  heart  being  stimulated  to  renewed 
activity  by  local  application  of  epinephrine.  This  being  so,  a 
point  of  much  more  importance  is  to  determine  if  the  two  drugs 
modify  each  other  as  regards  the  action  of  strychnine  on  the  spinal 
cord  and  brain  since  strychnine  affects  these  centers  much  earlier 
and  more  energetically  than  the  heart. 

Exner^  reports  cases  in  which  guinea  pigs  and  rabbits  after 
intraperitoneal  injection  of  epinephrine  tolerate  much  larger  doses 
of  strychnine.  From  preliminary  observations  we  found  that 
in  the  case  of  frogs  the  action  of  epinephrine  hastened  rather 
than  deferred  the  onset  of  spasms.  Later  this  wars  also  found  to 
be  true  for  guinea  pigs.  Our  results  with  rabbits  were  not  so 
uniform.  Thus  our  results  with  the  doses  given  are  diametri- 
cally opposed  to  the  above  quoted  findings  on  tolerance  to  strych- 
nine as  produced  by  epinephrine.  To  attempt  a  uniform  corre- 
lation of  Falta  and  Jocovic's  experiments  on  the  exposed  heart  and 

»Berl.  Klin.  Woch.  October.  1909,  xlvi,  p.  1929. 

»  Zeit.  f.  Heilkunde  Abteilung  f.  Chirurgie,  1903;  Bd.  24.  s.  302;  also  Zeit.  f.  Exp. 
Pathologic  und  Pharmacologic,  1903,  1,  s.  313. 
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the  direct  variance  of  Exner's  experiments  on  guinea  pigs  with 
our  early  findings  the  following  work  was  carried  out. 

A.    STRYCHNINE    DEPRESSION    OF    HEART   AS    MODIFIED    BY 

EPINEPHRINE 

This  part  of  the  work  is  based  on  the  experiments  of  Falta  and 
Jocovic.  Besides  corroborating  their  experimental  results  it 
demonstrates  the  antagonistic  action  of  epinephrine  and  strych- 
nine to  each  other  on  some  tissues  and  contrasts  these  results 
with  later  experiments  on  the  cord  in  which  a  synergistic  action 
is  found.  A  frog  of  average  weight  (about  30  grams)  was  pithed, 
and  the  heart  exposed.  The  heart  movements  were  transmitted 
to  the  drum  by  a  small  cork  float  resting  on  the  ventricle  of  the 
heart  and  attached  to  a  lever  above  by  means  of  a  perpendicular 
wire.  In  this  arrangement  the  heart  w^as  not  traumatized.  Sys- 
tole is  indicated  by  the  downward  stroke  in  the  tracing. 

The  following  abbreviated  protocol  in  connection  with  the 
tracings  is  self  explanatory. 

2:47     J  cc.  of  2  per  cent  strychnine  nitrate  dropped  directly  on  heart. 

2:54     diastole  beginning  to  lengthen. 

3:02     marked  irregularity. 

3:06     I  cc.  of  2  per  cent  strychnine  nitrate  on  heart. 

3:09     J  cc.  of  1:1000  epinephrine  solution. 

3:11     marked  acceleration  followed  by  series  of  auricular  contractions 

with  few  ventricular  contractions. 
3:16     Hear4i  rhythm  restored  to  normal  and  ventricular  contractions 

increased  in  amplitude. 

It  will  be  noticed  that  there  is  an  antagonism  of  epinephrine 
to  strychnine  but  this  does  not  differ  from  antagonism  to  other 
cardiac  depressants  for  replacement  of  strychnine  bj^  chloral 
hydrate  gave  similar  results.  After  the  first  application  of  epi- 
nephrine to  the  heart  it  required  a  larger  amount  of  strychnine 
a  longer  time  to  produce  slowing  and  irregularity,  indicating  that 
in  these  doses  the  stimulating  eft'ect  of  epinephrine  was  greater 
than  the  paralyzing  action  of  strong  solutions  of  strychnine. 
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B.    LEG  REFLEXES  AS  MODIFIED  BY  EPINEPHRINE 

Before  commencing  the  work  showing  the  relation  of  epineph- 
rine to  strychnine  on  the  cord  it  was  thought  advisable  to  deter- 
mine just  how  much  action  epinephrine  alone  has  on  the  central 
nervous  system  as  determined  by  reflexes.  This  was  obtained 
by  dipping  the  legs,  separately,  of  pithed  frogs  of  uniform  weight 
(25  grams)  into  a  weak  solution  of  acetic  acid  before  and  after 
injection  of  varying  amounts  of  epinephrine  as  indicated  in  the 
tables.  Reflexes  were  determined  in  one  to  two  minute  intervals 
before  and  after  injection,  allowing  five  minutes  after  injection 
for  drug  to  begin  to  produce  its  effects. 

Following  table  is  illustrative  of  typical  findings. 


Normal  reflexes 

FBOG  1 

FBOG  2 

FBOG  3 

FBOG  4 

Right  leg 

Left  leg 

Right  leg 

Left  leg 

Right  leg 

Left  leg 

Right  leg 

Left  leg 

sec. 

3 
3 
3 

3 
3 

sec. 
3 
3 
2 
1 
3 

sec. 

3 
2 

3 
3 
2h 

sec. 

2 

2h 

2i 
2 

2§ 
2\ 

sec. 

2i 

2 

2 

21 
2i 
2\ 

sec. 
4 
3§ 
21 
2h 
If 
2i 

sec. 
4 

o  . 
4 
4 
3i 
4 

sec. 
4 

^ 

3 
3 

3i 
3 

Reflexes  after  epinephrine 


Out  of  this  series  and  others  not  published  frog  1  is  the  only 
instance  found  where  the  reflex  time  was  shortened.  Other  cases 
showed  no  appreciable  change,  but  in  the  majority  of  instances  the 
reflex  time  was  found  to  be  lengthened  and  if  taking  of  reflexes  was 
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continued  beyond  the  time  shown  in  the  table  the  movements 
became  sluggish  and  later  failed  to  appear  entirely.  This  slowing 
of  reflex  time  was  more  marked  in  larger  doses  as  shown  in  frog 
4  in  above  table.  The  experiments  could  not  be  prolonged  to 
any  marked  degree  because  of  a  complicating  fatigue  factor 
vitiating  results.  This  slowing  of  reflex  response  to  acid  is  com- 
parable to  similar  condition  produced  by  injection  of  strychnine 
alone.  The  inference  that  epinephrine  and  strychnine  act  on 
similar  or  related  structures  is  not  untenable,  hence,  without 
binding  proof,  we  may  assume  this  to  be  so.  The  depressant 
action  of  epinephrine  in  larger  doses  becomes  evident  by  exami- 
nation of  following  table  where  the  dose  was  doubled  and  the 
weight  of  the  frogs  decreased. 


TIME  OF 

EPINEPHRINE  FROG  A 

CONTROI 

FROG  B 

EPINEPHRINE  FROG  C 

TESTING 

REFLBXES 

Right  leg 

Left  lee 

Right  leg 

Left  leg 

Right  leg 

Left  leg 

sec. 

sec. 

sec. 

sec. 

sec. 

sec. 

2:59 

4 

5 

3 

2i 

5 

3 

3:06 

4 

7 

7 

5 

10                     7 

'  3:11 

6 

5 

5 

5 

9                     6 

3:14 

f  ce.    epinephrine  in 
abdominal  lymph  sac. 

5  cc.    epinephrine    in 
abdominal  lymph  sac. 

3:18 

No  response  in  30  sec- 

No response  in  30  sec- 

onds. 

4 

7 

onds. 

3:20 

Heart  beat  feeble. 

5 

5 

Heart    beat  feeble  and 
ventricle   contracted. 

3:25 

No  response  in  60  sec- 

No response  in  60  sec- 

onds. 

4 

4 

onds. 

C.    ACTION  OF  EPINEPHRINE  IN  RELATION  TO  STRYCHNINE  SPASMS 

Intact  frogs  were  next  injected  with  a  mixture  of  epinephrine 
and  strychnine;  and  with  epinephrine  before,  and  after,  injection 
of  strychnine  with  interesting  results.  The  following  table 
illustrates  typical  findings  with  injection  of  epinephrine  and  strych- 
nine simultaneously  and  of  strychnine  after  epinephrine. 
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noe^r 

[     BPtKKPRRINE  FOLLOWED  IN  EIGHT  TO  TEN  MINUTES 
WITH  STRYCHNINE 

STRYCHNINE  CONTROL 

1 

i  mg.*  strych.  and  i  cc.  epi,  tet. 

in 

1 

min. 

i  mg. 

strych. 

tet. 

in    5?  min. 

2 

I  mg.*  strych.  and  |  cc.  epi.  tet. 

in: 

31 

min. 

i-  mg. 

strych. 

tet. 

in    5?  min. 

3 

tV  mg.*  strych.  and  ^  cc.  epi.  tet. 

in 

1 

min. 

tV  mg. 

strych. 

tet. 

in  20  min. 

4 

A  mg.    strych.  tet.  in    8    min. 

i  mg. 

strych. 

tet. 

in  17  min. 

5 

i  mg.    strych.  tet.  in    9    min. 

i  nag. 

strych. 

tet. 

in  16  min. 

6 

3  mg.    strych.  tet.  in  12?  min. 

1  mg. 

strych, 

tet. 

in  14§min. 

7 

tV  mg.    strych.  tet.  in  10    min. 

1  tV  mg. 

strych. 

tet. 

in30|  min.f 

8 

Ts  mg.    strych.  tet.  in  19    min. 

1  tV  mg. 

strych. 

tet. 

in  30 J  min.  t 

9 

T«  mg.    strych.  tet.  in  16    min. 

!  tV  mg. 

strych. 

tet. 

in  27  min. 

*  Mixture;  not  followed  by  epinephrine  alone. 

fTime  is  average  of  12  frogs,  variation  in  individual  time  ranging  from  191  to 
38  minutes. 

Frogs  injected  with  epinephrine  alone  all  showed  a  marked 
depression  after  1  to  10  minutes  depending  on  the  dose  given. 
A  primary  stimulation  seemed  to  be  present  in  some  cases  but 
with  the  doses  given  here  it  was  not  definite  or  constant  enough 
to  be  of  any  great  importance.  In  addition  to  depression  in 
which  the  animal  assumed  a  rather  characteristic  position  with 
legs  well  drawn  up  to  the  body  and  the  head  bent  down,  there  was 
also  distinct  evidence  of  increased  glandular  activity,  the  secre- 
tion of  mucous  and  serous  glands  of  skin  and  mucous  membranes 
of  nasal  region  being  increased.  Glandular  structures  in  general 
were  stimulated. 

In  the  presence  of  such  noticeable  depression  one  would  expect 
that  strychnine  action  would  be  delayed.  Quite  the  contrary, 
however,  was  observed,  animals  becoming  tetanic  in  less  time 
than  the  normal  control  frogs.  In  epinephrine  frogs  there  was 
somewhat  less  irritabiUty  previous  to  convulsions  than  in  control 
frogs,  in  other  words,  a  somewhat  greater  stimulus  was  required 
to  produce  a  response  than  under  strychnine  alone.  Some  frogs 
after  injection  or  epinephrine  and  strychnine  were  removed  to 
a  quiet  place  to  minimize  external  stimuli  as  much  as  possible 
to  see  if  epinephrine  itself  would  safeguard  frogs  from  convulsions, 
but  spasms  appeared  in  about  the  same  length  of  time  as  in  the 
other  frogs  under  the  usual  experimental  conditions. 

Would  large  doses  of  epinephrine  more  readily  influence  spasms? 
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Three  frogs  were  given  |  mg.  of  strychnine  each,  tetanus  following 
in  5^,  8,  and  7  minutes.  Two  of  these  frogs  after  the  onset  of 
spasms  were  given  1  cc.  doses  of  1 :1000  epinephrine  but  no  differ- 
ence in  intensity  of  spasms  from  those  of  control  frog  could  be 
detected.  Later  one  of  these  two  frogs  was  given  an  additional 
1  cc.  but  without  effect.  Three  other  frogs  were  each  given  1  cc.  of 
epinephrine  which  produced  marked  depression  in  a  few  minutes. 
These  were  then  given  |  mg.of  strychnina each,  tetanus  following 
in  5,  6  and  4|  minutes.  Here,  again,  in  spite  of  large  doses, 
epinephrine  fails  to  exert  any  beneficial  effect  after  spasms  have 
been  produced  and  if  injected  previous  to  strychnine  the  spasms 
come  on  more  quickly. 

Epinephrine  injected  after  the  onset  of  strychnine  spasms  has 
no  appreciable  effect  on  convulsions,  and  if  injected  after  smaller 
doses  of  strychnine  and  before  onset  of  spasms  allowing  5  to  10 
minutes  to  elapse  between  the  two  injections  the  time  of  onset  of 
spasms  is  not  hastened  or  delayed  as  determined  by  control  exper- 
iments, due  to  the  fact  that  strychnine  action  has  progressed  too 
far  for  epinephrine  to  be  a  factor. 

These  injections  were  repeated  on  guinea  pigs,  injections  being 
subcutaneous,  the  results  paralleling  those  on  frogs.  Following 
table  gives  data. 


WEIGHT  OF 
PIG 


grams 

230 


230 
242 

240 
245 

195 


INJECTIONS   GIVEN 


I  CC.  1 :1000  epinephrine  followed  in  5|  minutes  by  3  mg. 
of  strychnine 

3  mg.  of  strychpine 

Mixture  of  I  c.c.l  :1000  epinephrine  and  1  ^  mg.of  strych- 
nine  

1^  mg.  of  strychnine 

Mixture  of  J  cc.  1 :  1000  epinephrine  and  Ij mg.of  strych- 
nine  

l|mg.  of  strychnine 


TIME  REQUIRED 

TO  PRODUCE 

SPASMS 

mimiies 


3 
13 

6 

12 


Here  also,  the  results  are  perfectly  clear,  and  injection  of  addi- 
tional doses  of  epinephrine  immediately  before  or  after  the  onset 
of  spasms  was  not  sufficient  even  in  large  doses  to  avert  spasms 
or  death. 
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In  repeating  Exner's  experiments  on  rabbits,  giving  strychnine 
by  stomach,  we  could  not  get  so  uniform  results  as  those  reported 
by  him.  The  following  table  includes  the  results  both  of  this 
repetition  and  of  cases  where  strychnine  was  given  subcutaneously. 


HUE  BEQUIRED  TO 

WKIGHT  OF 

PBonncTE 

RABBITS 

TIME  AND  NATURE  OF  INJECTIONS 

Spasms 

1     Death 

grams 

minutes 

'     minutes 

870 

2:20 

4  rng.  strychnine  (stomach) 

i 

2:38 

Convulsion 

18 

2:39 

Dead 

19 

HOG 

2:18 
2:48 
3:00 

4  mg.  strychnine  (stomach) 
Marked  irritability 

Spasms  on  stimulation.       Animal  fully  re- 
covered on  following  morning 

42 

820 

2:05 
2:24 
2:30 

§  cc.  epinephrine*  (intraperitoneaJly) 
§  cc.  epinephrine  (intraperitoneally) 
4mg.  strychnine  (stomach) 

2:55 

Slight  irritability 

« 

3:51 

Spasms  on  stimulation 

' 

3:55 

Tetanus 

85 

4:40 

Dead 

130 

800 

2:06 
2:27 

jcc.  epinephrine  (intraperitoneally) 
4  mg.  strychnine  (stomach) 

2:50 

Convulsion 

23 

2:51 

Dead 

24 

1100 

3:32 
3:44 

1  cc.  epinephrine  (intraperitoneally) 
4  mg.  strychnine  (subcutaneous) 

3:51 

Convulsion 

7 

3.58 

Dead 

14 

970 

10:15 
10:46 

1  cc.  epinephrine  (subcutaneous) 
1  mg.  strychnine  (subcutaneous)    No  well 
defined  spasms  appeared. 

820 

10:47 

1  mg.  strychnine  (subcutaneous) 

11. -01 

Convulsion 

14 

11:06 

Dead 

19 

1870 

11:26 
11:47 

1  cc.  epinephrine  (subcutaneous) 

2  mg.  strychnine  (subcutaneous) .  No  spasm 

appeared. 

1200 

11:17 
11:23 

1  cc.  epinephrine  (subcutaneous) 
1^  mg.  strychnine  (subcutaneous) 

11:38 

Convulsions 

15 

11:41' 

*- 

Dead 

18 

*  In  these  experiments  Solution  of  Adrenalin  Chloride  (Parke,  Davis  and  Com- 
pany) was  used.  Throughout  remainder  of  experiments  Supracapsulin  (Cudahy 
Packing  Company)  was  used. 
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In  some  animals  the  presence  of  epinephrine  had  no  effect  in 
delaying  spasms,  and  in  others  some  delay  was  found.  This  vari- 
ation in  the  time  of  onset  seems  to  be  influenced  by  the  time  inter- 
val elapsing  between  the  two  injections,  that  is,  the  greater  the 
time  permitted  to  elapse  after  the  epinephrine  and  before  the 
strychnine  injection  the  longer  will  it  take  for  convulsions  to  appear. 
This  accounts  for  the  variance  of  results  between  guinea  pigs  and 
rabbits,  since,  in  the  guinea  pig  series  only  5^  minutes  elapsed, 
while  in  the  rabbit  series  the  time  interval  ranged  from  6  to  31 
minutes  between  the  two  injections.  One  rabbit,  where  strych- 
nine was  given  6  minutes  after  epinephrine,  died  in  18  minutes, 
while  control  rabbit,  without  epinephrine,  died  in  19  minutes. 
In  others  where  a  longer  time  interval  elapsed  the  onset  of  spasms 
was  decidedly  delayed,  although  in  one  rabbit  (800  grams)  the 
time  of  appearance  of  convulsions  and  death  did  not  differ  mark- 
edly from  the  control  rabbit  (870  grams) . 

DISCUSSION 

The  salient  points  of  above  work  on  strychnine  action  as  mod- 
ified by  epinephrine  divide  themselves  into  three  groups,  (1)  antag- 
onistic action  on  the  heart,  (2)  an  apparent  antagonism  on  the 
cord,  and  (3)  a  synergistic  action  on  the  cord.  Thus  on  the  one 
hand  epinephrine  may  be  considered  antagonistic  to  strychnine 
and  on  the  other  synergistic  depending  on  the  point  of  action. 
In  the  light  of  the  results  recorded  above,  Falta  and  Jocovic's 
assertion  that  epinephrine  is  a  powerful  antidote  to  strychnine 
requires  important  modifying  statements,  and  from  the  stand- 
point of  practical  application  it  is  incorrect. 

In  interpretation  of  results  the  findings  on  the  exposed  heart 
need  not  detain  us  long.  The  action  of  strychnine  here  was 
local,  strong  solutions  acting  as  a  protoplasmic  poison  on 
muscle  cells  themselves,  and  on  the  local  nervous  mechanism  of 
the  heart;  the  result  being  depression  of  the  heart  even  to  the 
point  of  stopping  it  in  diastole.  Epinephrine,  being  stimulant 
to  muscle  fibers  and  to  sympathetic  accelerators,  restored  the 
depressed  heart  to  an  activity  even  greater  than  normal.     In  this 
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state  the  heart  could  tolerate  larger  doses  of  strychnine  thus 
showing  that  epinephrine  applied  locally  to  the  heart  is  a  real 
antagonistic  drug  to  strychnine. 

Regarding  the  apparent  antagonism  on  the  cord  we  accept  the 
explanation  given  by  Exner,  namely,  that  it  is  mainly  a  question 
of  delayed  absorption.  In  addition  we  believe  that  shock  and 
metabolic  changes,  including  some  of  the  products  formed,  carbon 
dioxide  and  sugar  especially,  may  play  some  part  in  inhibiting 
the  spasm.  When  a  longer  time  is  allowed  to  intervene  between 
the  injection  of  the  epinephrine  and  strychnine  more  uniform 
results  are  to  be  expected  because  more  time  is  given  for  the  symp- 
toms of  shock  to  develop  and  also  for  the  accumulation  of  waste 
products.  A  detailed  investigation  of  these  assumptions  is  not 
warranted  by  the  questions  concerned.  In  no  case  is  there  any  in- 
dication of  a  specific  antagonism  as  claimed  by  Falta  and  Jocovic. 

On  the  cord,  however,  epinephrine  in  its  final  results  showed 
quite  a  different  behavior;  the  drug  instead  of  inhibiting  the  spasm 
actually  hastened  them.  The  interpretation  of  the  nature  of 
the  mechanism  involved  in  the  synergistic  action  shown  in  rela- 
tion to  strychnine  on  the  cord  is  more  complicated. 

The  action  of  epinephrine  on  the  brain  is  first  a  stimulation 
followed  rapidly  by  a  paralytic  action  which  lessens  cerebral  inhi- 
bition much  the  same  as  pithing.  The  stimulating  action  maj^ 
be  so  transient  that  with  larger  doses  it  is  not  apparent.  The 
action  on  the  cord  appears  to  be  the  same  as  on  the  brain,  but  the 
stimulating  action  is  more  prolonged  and  paralysis,  at  least  of 
some  elements,  comes  on  much  later.  This  would  account  for 
the  intensified  strychnine  action  after  epinephrine. 

It  seems  to  us,  however,  most  probable  that  epinephrine  first 
stimulates  and  then  depresses  the  structures  upon  which  convul- 
sions depend,  and  that  in  convulsions  produced  by  strychnine 
alone  there  is  a  paralytic  factor  involved.  We  know  from  exper- 
iments in  which  epinephrine  is  given  simultaneously  with  strych- 
nine that  the  spasms  appear  with  the  same  shortened  time  inter- 
val as  when  epinephrine  is  given  8  to  10  minutes  previous  to 
strychnine.  From  this  it  must  follow  that  the  depression  pro- 
duced by  epinephrine  must  occur  much  more  quickly  than  the 
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depression  required  for  spasms  under  strychnine  alone.  Therefore, 
in  the  presence  of  epinephrine  this  paralysis  takes  place  sooner 
and  strychnine  can  in  consequence  act  more  easily.  So  far  as 
the  cord  alone  is  concerned  we  must  conclude  that  the  two  drugs 
are  synergistic  in  action. 

SUMMARY 

1.  Epinephrine  is  antagonistic  to  the  paralytic  action  of  strong 
strychnine  solutions  on  the  heart. 

2.  Epinephrine  and  strychnine  have  a  synergistic  action  on  the 
cord.  Spasms  develop  more  quickly  when  epinephrine  is  given 
with  or  previous  to  strychnine. 

3.  Strychnine  is  antagonistic  to  the  general  depression  produced 
by  epinephrine,  but  this  antagonism  is  not  mutual.  Epinephrine 
will  not  antagonize  a  strychnine  spasm. 

4.  From  the  above  findings  there  is  no  indication  that  epineph- 
rine can  be  applied  with  benefit  in  the  treatment  of  strychnine 
convulsions. 
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Barbour  and  Abel,  in  a  preceding  issue  of  this  journal,^  have 
called  attention  to  the  striking  action  of  acid  fuchsin  on  frogs. 
They  have  shown  that  this  substance  injected  into  frogs  in  doses 
of  1  to  4  mgs.  per  gram  of  body  weight  will  produce  flexor  spasms 
and  convulsions,  appearing  in  from  one  to  twenty  hours  after  in- 
jection, which  in  their  turn  give  way  to  an  extensor  tetanus.  They 
have  further  pointed  out  a  most  interesting  fact,  that  these  con- 
vulsions and  tetanus  can  be  produced  much  more  quickly(in  from 
one-half  to  thirteen  minutes)  and  by  much  smaller  quantities  of 
the  drug  (as  little  as  0.35  mg.^  per  gram  of  body  weight)  if  the  an- 
terior third  of  the  cerebrum  be  cut  off  from  the  rest  of  the  central 
nervous  system. 

It  was  interesting  to  learn  whether  the  above  pharmacological 
properties  were  peculiar  to  acid  fuchsin  only,  or  were  to  be  found 
in  other  drugs.  Accordingly  a  search  for  other  substances  with 
similar  properties  was  made  by  the  author  in  this  laboratory  to  de- 
termine this  point. 

A  large  number  of  drugs  were  studied,  among  them  various 
phenols  (phenol,  pyrogallol,  resorcin),  pikrotoxin,  minute  doses 
of  strychnine,  atropin,  and  a  long  list  of  dyes :  carmine  red,  methy- 
lene blue,  various  Congo  reds,  methyl  orange,  methyl  violet, 
several  varieties  of  scarlet  red,  tropaeohn,  naphthol  yellow,  phe- 
nol-«ulphone-phthalein,  etc.  Many  of  these  substances  were 
found  to  produce  convulsions  and  tetanus,  in  some  only  when  in- 

*  Jour,  of  Pharm.  and  Exper.  Therap.,  vol.  ii,  No.  3,  December,  1910,  p.  167. 
'  Later  experiments  made  by  Professor  Abel  and  myself  seem  to  point  to  a  still 
smaller  minimal  dose — 0.2  mg.  per  grams  weight. 
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jected  in  minute  quantities  and  appearing  very  late,  as  for  instance 
in  the  case  of  atropin,  a  fact  to  which  attention  was  called  long  ago 
by  Fraser,'  but  which  seems  to  be  very  little  known.  None  of 
them  showed,  however,  any  difference  in  their  action  in  respect  to 
the  removal  of  the  anterior  third  of  the  cerebrum,  with  the  ex- 
ception of  the  dyes — phenol-sulphone-phthalein,  naphthol  yellow, 
and  tropaeoUn  and  Basel  I  and  Basel  III.  These  bodies  were 
found  to  act  precisely  in  the  same  way  as  acid  fuchsin,  as  will  be 
seen  from  the  experiments  which  follow. 

THE    ACTION    OF    PHENOL-SULPHONE-PHTHALEIN 

Phenol-sulphone-phthalein  is  one  of  a  class  of  compounds  anal- 
ogous to  the  phthaleins  and  was  first  prepared  by  Remsen'*  and 
further  described  by  his  pupil,  Sohon.^  It  has  recently,  through 
the  researches  of  Abel  and  Rowntree,*'  and  then  of  Rowntree  and 
Geraghty,^  gained  great  importance  from  its  use  in  functional 
tests  for  renal  activity.  The  structure  of  this  interesting  sub- 
stance is  represented  by  the  formula 


/ 

UgXJ.4 


S^C«H40H 


SOo 

It  is  a  bright  red  crystalline  powder,  soluble  in  water,  more  so  in 
alcohol,  and  insoluble  in  ether.  Its  dilute  alkaline  solution  is  of 
purer  red  than  that  of  phenol-phthalein,  while  a  more  strongly 
alkaline  solution  is  purple.  A  5  per  cent  solution  of  the  sodium 
salt  was  used  in  our  experiments.  The  sodium  salt  solutions  are 
prepared  as  follows :  One  gram  of  phenol-sulphone-phthalein  and 
1.4  cc.  of  2  N  sodium  hydroxide  are  added  to  18.6  cc.  of  either  /u 

'  Fraser,  Edinburgh  Royal  Society,  vol.  xxv,  p.  449,  1868. 

*  Amer.  Chem.  Jour.,  vi,  180. 

'  Amer.  Chem.  Jour.,  xx.  257. 

•  Jour,  of  Pharm.  and  Exper.  Therap.,  vol.  i.  no.  2,  p.  231. 
^  Ibid.,  p.  579. 
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sodium  chloride  solution  or  distilled  water.  This  gives  a  solution 
of  the  mono-sodium  or  acid  salt,  which  is  red  in  color  and  which  if 
injected  in  this  form  produces  slight  local  irritation.  It  is  there- 
fore necessary  to  add  from  five  to  ten  drops  more  of  2  N  sodium 
hydroxide  solution,  a  quantity  of  alkali  which  is  sufficient  to 
change  the  color  to  a  beautiful  Bordeaux  red,  and  entirely  to  coun- 
teract the  irritating  efi'ect  of  the  acid  salt  but  insufficient  for  the 
purplish  red  neutral  salt. 

Large  quantities  of  the  5  per  cent  solution  when  injected  into 
the  lymph  sac  of  a  frog  were  found  to  have  either  no  effect  at  all, 
or  to  produce  convulsions  in  an  hour  or  longer  after  injection.  On 
the  other  hand  when  the  anterior  third  of  the  cerebrum  was  re- 
moved, much  smaller  quantities  of  the  drug  (0.52  mg.  to  1.62  mg.) 
produced  violent  convulsions  followed  by  tetanus  in  a  very  short 
time — one  half  to  thirty-five  minutes,  as  will  be  seen  from  the  fol- 
lowing procotols  and  table. 

Experiments  illustrating  the  action  of  phenol-sulphone-phthalein 

Experiment  No.  1.     December  1,  1910.     Rana  pipiens.     Weight,  20 

grams. 

3.45  p.m.     Injected  intraperitoneally,  10  minims  =  1.56  mg.  per  gram  of 

frog  of  5  per  cent  solution  of  phenol-sulphone-phthalein. 

4.00  p.m.     Frog  is  lively  and  in  normal  condition. 

4.02  p.m.     Ablation  of  the  anterior  one-third  of  the  brain.     There  is 

very  little  bleeding,  and  very  little  depression. 
4.08  p.m.  Frog  is  more  excitable;  jumps  and  quivers  at  the  slightest 

touch. 
4.10  p.m.     Spontaneous  clonic  convulsions  and  tetanus. 
4.20  p.m.     Dead.     Examination  of  the  tissues  shows  the  brain  and 
spinal  cord  deeply  stained  by  the  dye. 
Control  Experiment  No.  1 .    Exactly  the  same  quantity  per  gram  of  frog 
was  given,  but  no  operation  performed.     No  convulsions  were  observed 
that  afternoon. 

Experiment  No.  §.     December  9,  1910.     Rana  pipiens.     Weight  30 
grams. 

12.25  p.m.     Injected  7  minims  =  0.73  mg.  per  gram  of  frog  in  abdominal 
lymph  sac,  of  5  per  cent  solution  of  phenol-sulphone- 
phthalein. 
12.33  p.m.     Lively  and  active. 
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12.37  p.m.     Ablation  of  anterior  one-third  of  brain. 

12.38  p.m.     Immediate  regidity  and  extensor  tetanus,  belly  distended. 
12.40  p.m.     Momentary  relaxation  followed  by  tetanus  again. 

Control  Experiment  No.  5.  Exactly  the  same  quantity  per  gram  of 
frog  of  the  drug  was  injected,  but  no  operation  performed.  No  convul- 
sions were  observed  that  afternoon. 

Experiment  No.  6.     December  2,  1910.     Rana  pipiens.     Weight,  19 
grams. 
12.25  p.m.     Injected  intraperitoneally  10  minims  of  5  per  cent  solution 

phenol-sulphone-phthalein=1.64mg.  per  gram  frog. 
12.45  p.m.     Normal. 
2.00  p.m.     Some  excitability. 

4.00  p.m.     Strong  convulsions,  but  no  tetanus  noted. 
5.00  p.m.     Death.  Autopsy  shows  large  quantities  of  the  pigment  every- 
where, especially  in  brain  and  spinal  cord. 
Experiment  No.  7.     December  5,  1910.     Rana  pipiens.     Weight,  25 
grams. 
4.13  p.m.     Injected  in  dorsal  lymph  sac  5  minims  of  5  per  cent  solution 

phenol-sulphone-phthalein  =  0.63mg.  per  gram  frog. 
4.23  p.m.     Anterior  third  of  the  brain  cut  off.     Immediate  depression 

following  operation  and  lasting  one  minute. 
4.28  p.m.     Exceedingly  sensitive  to  touch. 
4.37  p.m.     Hyper  excitable. 
4.45  p.m.     Laid  on  back,  cannot  resume  natural  position,  and  shows 

suggestion  of  convulsions. 
4.50  p.m.     Tetanic  convulsions;  extremities  extended. 
4.52  p.m.     Continued  convulsions. 
4.55  p.m.     Tetanus  and  opisthotonus. 

4.57  p.m.     Stiff  as  in  strychnine  poisoning  with  arms  clasped  and  legs 
stretched  out  and  held  close  together. 
Control  Experiment  No.  7.  Exactly  same  dose  of  drug  per  gram  frog  was 
given,  but  no  operation  performed.     No  tetanus  or  convulsions  were  ob- 
served. 

Experiment  No.  12.  December  13,  1910.  Rana  pipiens.  Weight,  38 
grams. 

December  8.     A  bloodless  operation  was  performed,  dividiijgthe  anterior 
one-third  of  the  brain  from  the  rest  of  the  central  nervous 
system. 
December  13    Wound  perfectly  healed.      Frog  behaves  like  a  normal 
animal. 
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11.00  a.m.     Injected  in  dorsal  lymph  sac  8  minims  of  5  per  cent  solution 
of  phenol-sulphone-phthalein  =  0.65  mg.  per  gram  of  frog. 
11.05  a.m.     Hyperexcitability  noted. 
11.08  a.m.     Tetanic  convulsions. 
11.30  a.m.     Frog  lies  "dead"  with  constant  quivering  of  muscles. 

Control  Experiment  No.  12.  A  bloodless  operation  similar  to  the  one 
in  the  preceding  experinjent  was  performed,  but  no  drug  was  later  in- 
jected. No  convulsions  were  ever  observed,  the  animal  behaving  as  if  it 
were  normal. 

Experiment  No.  16.     March  9,   1911.     Rana  clamata.     Weight,  31 
grams. 
1.10  p.m.     Injected  in  dorsal  Ijinph  sac  6  minims  of  5  per  cent  solution 

of  phenol-sulphone-phthalein  =  0.58  mg.  per  gram  frog. 
1.35  p.m.     Ablation  of  anterior  third  of  brain.     Slight  depression  fol- 
lowing operation. 
1.40  p.m.     Recovered — normal. 
2.00  p.m.     Hyperexcitability  noted. 
2.23  p.m.     Rigidity  of  legs. 
2.33  p.m.     Tetanic  convulsions. 

2.40  p.m.     Beautiful  tetanus  wAih  extremities  extended. 
2.45  p.m.     Tetanus  continues. 
Control  Experiment  No.  16. 

1 .08  p.m.     To  a  Rana  clamata  weighing  30  grams  the  same  dose  of  phe- 
nol-sulphone-phthalein =  0.58  mg.  per  gram  frog  was  given 
in  dorsal  IjTnph  sac,  but  no  operation  was  performed. 
1.35  p.m.     No  change. 
2.00  p.m.     No  change. 
3.00  p.m.     No  change. 
Experiment  No.  18.     March  9,  1911.     Rana  clamata.     Weight,  32 
grams. 
2.40  p.m.     Anterior  third  of  the  brain  is  divided  from  the  rest  of  the 
central  nervous  system,  with  very  little  bleeding.     No 
post-operative  or  other  depression. 
2.45  p.m.     Injected  15  minims  of  5  per  cent  solution  of  phenol- sulphone- 

phthalein  =  1.46  mg.  per  gram  of  frog. 
2.50  p.m.     Hjrperexcitable. 
2.55  p.m.     On  touching  rigidity  is  noticed. 
3.00  p.m.    Tetanus. 
Control  Experiment  No.  IS.     On  dividing  anterior  third  of  brain,  with- 
out subsequent  injection  of  drug,  no  convulsions  occur. 
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THE  ACTION  OF  NAPHTHOL  YELLOW 

Naphthol  yellow,  or  Naphthol  Gelb  S,  is  a  brilliant  yellow  dye 
discovered  by  H.  Caro  in  1879  and  further  studied  by  Paul  Laut- 
erbach.*  It  is  the  potassium  salt  of  di-nitro-napthol-sulphuric 
acid,  and  has  the  following  structural  formula. 

r  (N0,)2 

C:oH4  \   SO.3K 

(.OK. 

The  salt  consists  of  lemon  yellow  crystals  difficultly  soluble  in 
hot  water.  On  heating  it  turns  red.  A  5  per  cent  solution  of  this 
dye  was  used  in  our  experiments.  Injections  of  2  mgs.  or  more 
per  gram  of  body  weight  of  this  substance  into  an  intact  frog  w411 
produce  either  no  effect  except  some  depression  or  late  convul- 
sions usually  appearing  over  an  hour  after  injection.  In  decere- 
brate frogs,  however,  convulsions  and  tetanus  are  produced  in  a 
very  short  time  1  to  28  minutes  after  injection,  and  by  a  much 
smaller  quantity  of  the  drug,  0.57  to  1.44  mg.  per  gram  weight  of 
frog.     The  following  protocols  and  table  will  illustrate  this  action. 

Experiment  No.  1.  February  7,  1911.  Rana  clamata.  Weight  30 
grams  . 

1.18  p.m.     Injected  in  dorsal  lymph  sac  6  minims  of  5  per  cent  solution 

of  naphthol  yellow  =  0.62  mg.  per  gram  frog. 

1.30  p.m.  Anterior  third  of  cerebrmn  cut.  Inmiediate  depression  for 
one  minute  followed  by  recovery. 

1.36  p.m.     Spontaneous  convulsions  of  short  duration. 

1.39  p.m.  Spontaneous  tetanic  convulsions ;  opisthotonus ;  legs  extend- 
ed, and  slightly  abducted;  tetanus  lasts  for  a  minute  at  a 
time;  there  is  also  a  slight  tremor  of  the  body;  respira- 
tions rapid. 

2.15  p.m.     Practically    dead. 
Control  Experiment  No.  1.     Rana  clamata.     Weight  30  grams. 

12.31  p.m.  February  7.  Injected  7  minims  of  5  per  cent  solution  of 
naphthol  yellow  in  dorsal  sac  =  0.62  mg.  i>er  gram  frog. 

2.19  p.m.     No  change. 
February  9.     Ahve  and  well. 

•  P.  Lauterbach,  Ber.'der  Deutch.  Chem.  Gesel.  xiv,  p.  2028-2029,  1881. 
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Experiment  No.  ^1.     January  13,1911.     Rana  pipiens.     Weight,  80 
grams. 
12.30  p.m.     Bloodless  operation  performed  dividing  anterior  third  of 

cerebrum  from  the  rest  of  the  central  nervous  system. 
January  17   Frog  is  alive  and  well. 

11.05  a.m.     Injected  25  minims  of  5  per  cent  solution  of  naphthol  yel- 
low in  dorsal  and  abdominal  lymph  sacs;  no  depression 
followed. 
11.07  a.m.     Spontaneous  spasms  or  jerks  lasting  a  second  at  a  time. 

Veratrine-like  action;  frog  stretches  legs  out  but  cannot 
pull  them  back;  when  placed  on  back,  cannot  turn  over. 
11.48  a.m.     Spontaneous  tetanus  and  opisthotonus. 

Control  Experiment  No.  11.     Rana  pipiens.     Weight,  23  grams. 
3.37  p.m.     January  9.     Injection  of  6  minims  of  5  per  cent  solution 
naphthol  yellow  in  dorsal  sacs  =  0.82  mg.  per  gram  frog. 
Frog  lively. 
January  11.     Alive  and  well. 
January  12.     Alive  and  well. 
January  13.     Ahve  and  well. 
January  17.     Alive  and  well. 
January  23.     AUve  and  Well. 

Experiment  No.  5.  January  9, 1911.    Rana  pipiens.    Weight,  24  grams. 
2.43  p.m.     Injected  in  dorsal  lymph  sac  6  minims  of  5  per  cent  solution 

of  naphthol  yellow  =  0.78  mg.  per  gram  frog. 
2.35  p.m.     Anterior  one-third  of  cerebrum  cut  off;  immediate  effect  is 

slight  depression;  followed  by  recovery. 
2.56  p.m.     On  touching,  frog  has  spasms  or  convulsions. 

2.58  p.m.     A  momentary  tetanus. 

2.59  p.m.     Extensive  tetanus  and  opisthotonus  lasting  a  few  seconds. 
3.02  p.m.     Spontaneous  tetanic  convulsions  and  opisthotonus. 
3.12  p.m.     Same. 

3.15  p.m.     Tetanus  with  bending  of  body  sideways;  twitching  of  toes. 
Control  Experiment  No.  5.     A  corresponding  dose  of  drugs  per  gram 
frog  was  injected,  but  no  operation  performed.     No  convulsions  were 
observed. 

Experiment  No.  6.     January  31,    1911.     Effect   of  excessive  dose. 
Rana  clamata.     Weight,  30  grams. 

12.15  p.m.     Injected  12  minims  of  5  per  cent  solution  naphthol  yellow  = 
1 . 25  mg.  per  gram  frog. 
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12.25  p.m.     Anterior  one-third  of  cerebrum  is  cut  off.     Immediate  effect 
is  great  depression;  frog  is  severely  poisoned  and  does  not 
recover.     Death  in  a  few  minutes. 
Experiment  No.  10.     January  2,  1911.     An  exceptional  control  frog. 

Rana  pipiens.     Weight,  16  grams. 

11.16  a.m.     Inject  8  minims  of  5  per  cent  solution  naphthol  yellow  in 
abdominal  sac  =  1.56  mg.  per  gram  frog. 

11.45  a.m.     Spontaneous  convulsions  with  extensor  tetanus;  arms  clasp- 
ed; trunk  bent  sideways. 
Experiment  No.  12.     January  2,  1911.     Rana  pipiens.     Weight,   26 

grams. 

11.15  a.m.     Injected  12  minims  of  5  per  cent  solution  naphthol  yellow 
in  abdominal  lymph  sac  =  1.44  mg.  per  gram  frog. 

11.25  a.m.     Cut  off  anterior  one-third  of  brain.     Immediate  depression, 

but  recovers  soon. 

11.26  a.m.     Tetanic  convulsions,  legs  extended;  fibrillary  tremor  of  toes. 
11.50  a.m.     Tetanus  repeated. 

11.35  a.m.     Dead.     On  autopsy  brain  and  cord  are  found  to  be  stained 
yellow. 
Control  Experiment  No.  12.     To  a  frog  a  proportional  dose  of  drug  was 
given,  but  no  operation  performed:  no  convulsions  occurred. 

Experiment  No.  15.     February  9,  1911.     Rana  clamata.     Weight,  19 
grams.     Previously  bloodlessly  operated,  so  as  to  separate  anterior  one- 
third  of  cerebrum. 
2.47  p.m.     Inject  5  minims  =  0.72  mg.  per  gram  frog  of  5  per  cent 

solution  of  naphthol  yellow  in  dorsal  lymph  sac. 
2.50  p.m.     Depressed  and  toxic;  movements  sluggish. 
2.52  p.m.     Placed  on  its  back  animal  cannot  turn  over. 
2.56  p.m.     Sudden  tetanus,  with  legs  extended. 
3.00  p.m.     Tetanus  Avith  legs  and  arms  tightly  flexed  and  adducted. 
Control  Experiment  No.  15.     Injection  of  same  dose  of  drug  in  intact 
frog  produces  no  convulsions.     Operated  frog  without  injection  of  drug 
has  no  convulsions. 
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THE  ACTION  OF  TROPAEOLIN 


The  dye  employed  by  us  was  the  one  called  tropaeolin  00  or 
Orange  IV.  It  belongs  to  the  class  of  Azo  Dye-stuffs^  and  is  the 
potassium  salt  of  phenyl-amino  azo-sulphuric  acid.^*'  Its  struc- 
tural formula  is 

SO3K.C6H4.N2.C6H4.NH.C6H6 

This  substance  consists  of  golden  yellow  needles,  very  diffi- 
cultly soluble  in  cold,  and  more  soluble  in  hot  water.  On  heating  it 
gives  Indulin  Cis  Hu  N3.  Tropaeolin  is  used  as  a  dye  and  has  also 
been  used  in  gastric  analysis  for  determining  the  presence  of  free 
HCl.^^  In  the  presence  of  free  hydrochloric  acid  the  yellow  solu- 
tion turns  reddish  yellow  in  color.  This  substance  is  more  toxic 
than  either  phenol-sulphone-phthalein  or  naphthol  yellow,  so  that 
after  first  using  a  5  per  cent  solution,  we  used  a  weaker,  or  2^  per 
cent  solution  in  later  experiments. 

On  injection  of  Tropaeolin  00  into  decerebrate  frogs  even  very 
small  quantities  0.15  mg.  to  1.68  mg.  per  gram  of  body  weight, 
cause  convulsions  and  tetanus  in  from  two  to  fourty-five  minutes. 
The  same  doses  and  even  much  larger  doses  injected  into  an  intact 
frog,  produce,  with  the  exception  of  a  depression,  no  convulsions 
at  all,  or  the  convulsions  come  on  much  later  and  are  not  so  mark- 
ed. The  following  protocols  and  table  will  illustrate  the  action 
of  the  drug. 

Experiments  illustrating  the  action  of  tropaeolin  00. 

Experiment  No.  1.     December  22,  1910.     Rana  pipiens.     Weight,  30 
grams. 
4.05  p.m.     Injected  in  lymph  sac  3  minims  of  5  per  cent,  solution  of 

tropaeolin  =  0.31  gm.  per  gram  frog. 
4.15  p.m.  Ablation  of  anterior  third  of  cerebrum. 
4.30  p.m.     Slight  depression. 

4.41  p.m.     Extensor  tetanus  and  opisthotonus  lasting  one  or  two  sec- 
onds. 

•  Schmidt :  Pharmaceutische  Chemie,  1901,  ii,  2,  1149. 

»"  Beilstein:  vol.  iv,  p.  1370.  (third  ed.) 

"  Boas :  Deutsche  Med.  Wchschft.  1877.  vol.  xiii.  p.  852. 
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4.48  p.m.     Tetanus  of  longer  duration. 
4.55  p.m.     Tetanus  with  legs  in  Z-shaped  position. 
5.00  p.m.     Still  tetanic. 
Control  Experiment  No.  1.     To  a  Rana  pipiens  an  equivalent  quantity 
of  tropaeolin  was  given,  but  brain  left  intact.     No  convulsions  were  ob- 
served. 

Experiment  No.  4-     December  21,  1911.     Rana  pipiens.     Weight,  22 
grams. 
11.05  a.m.     Injected  2  minims  of  5  per  cent  tropaeolin  solution  =  0.30 

mg.  per  gram  frog,  in  lymph  sac. 
11.20  a.m.     Division  of  anterior  third  of  brain. 
11.30  a.m.     Beginning  rigidity. 
11.39  a.m.     Tetanus  and  opisthotonus. 
2.30  p.m.     Extensor  tetanus. 

Control  Experiment  No.  Jf..  To  a  Rana  pipiens  an  equivalent  quantity 
=  0.30mg.  per  gram  frog  was  given,  but  no  operation  performed.  No 
convulsions  occurred. 

Experiment  No.  9.     Rana  pipiens.     Weight,  16  grams. 
4.20  p.m.     Injected  3  minims  of  5  per  cent  tropaeolin  solution  in  abdom- 
inal sac.     Immediate  depression  =  0.58  mg.  per  gram  frog. 
4.30  p.m.     Anterior  one-third  of  cerebrum  cut  off .     No  depression. 
4.40  p.m.     Placed  on  back,  cannot  turn  over.     Slight  convulsions. 
4.50  p.m.     Very  toxic. 
Control  Experiment  No.  9.     An  equivalent  amount  of  tropaeolin  in- 
jected into  an  intact  frog  produced  no  convulsions. 

ExperimentNo.il.     December  14, 1910.     Rana  pipiens.     Weight,  18 
grams. 
12.10  p.m.     Injected  in  abdominal  lymph  sac  10  minims  of  5  per  cent. 

tropaeolin  solution  =  1.62  mg.  per  gram  frog. 
12.15  p.m.     Anterior  third  of  cerebrum  cut  off.     Immediate  depression. 
12.30  p.m.     Recovered;  responds  to  stimuli. 
12.45  p.m.     Veratrine  like  action. 
12.45  p.m.     Veratrine  like  action;  slight  convulsions. 
1.45  p.m.     Complete  tetanus. 
Control  Experiment  No.  11.     An  equivalent  quantity  of  tropaeolin 
1.52  mg.  per  gram  frog  injected  in  an  intact  animal  produces  no  convul- 
sions. 

Experiment  No.  13.  December  13,  1910.  Rana  pipiens.  Weight,  38 
grams. 


ACTION  OF  SULPHONATED  DYES  543 

December  8.  1910.     Bloodless  operation  performed,  separating  anterior 
third  of  cerebrum  from  the  rest  of  the  central  ner^rous 
system. 
11.00  a.m.     December  13,  1910.     Injected  in  dorsal  lymph  sac,  8  minims 
of  5  per  cent,  tropaeolin  solution  =  0.68  mg.  per  gram  frog. 
11.05  a.m.     Hyperexcitability. 
11.08  a.m.     Tetanus. 
11.30  a.m.     Lies  dead  with  muscles  in  fibrillation. 

Control  Experiment  No.  13.     An  equivalent  amount  of  tropaeolin  in- 
jected into  an  intact  frog  produces  no  convulsions. 

Experiment  No.  20    February  23,  1911.     Rana  clamata.     Weight,  38 
grams. 
1.05  p.m.     Injected  5  minims  of  23^^  per  cent  tropaeoHn  solution  =  0.20 

mg.  per  gram  frog  into  dorsal  lymph  sac. 
1.18  p.m.     Cut  off  anterior  -third  of  cerebrum;  very  little  bleeding. 

Postoperative  depression  lasting  one  minute. 
2.03  p.m.     Sudden  spontaneous  convulsions  and  extensor  tetanus. 

2.15  p.m.     Marked  flexor  tetanus. 

2.24  p.m.     Tetanus  ^vith  legs  extended  and  opisthotonus. 

Control  Experiment  No.  20.     An  equivalent  dose  of  the  drug  injected 
into  the  lymph  sac  of  an  intact  frog  produced  no  convulsions. 

Experiment  No.  23.     March  8,   1911.     Rana  clamata.     Weight,  32 
grams. 
1.12  p.m.     Injected  6  minims  of  23^  per  cent  tropaeolin  solution  =  0.29 

mg.  per  gram  frog  into  the  dorsal  lymph  sac. 
1.17  p.m.     Cut  off  anterior  one-third  of  cerebrum.     Initial  depression. 
1.50  p.m.     Prolonged  and  spontaneous  tetanus  and  opisthotonus,  con- 
stantly repeating  itself  for  one  and  a  half  hours. 
4.00  p.m.     Dead. 
Control  Experiment  No.  23.     An  equivalent  dose  of  tropaeolin  injected 
into  the  lymph  sac  of  an  intact  frog  produces  no  convulsions. 

Experiment  No.  25.  March  8,  191 1 .    Rana  clamata.    Weight,  28  grams. 

2.25  p.m.     Anterior  third  of  cerebrum  cut  off,  with  very  Uttle  bleeding 

and  no  depression  following. 
2.30  p.m.     Injected  5  minims  of  a  21^  per  cent  solution  of  tropaeolin  = 

0.28  gm.  per  gram  frog  in  abdominal  lymph  sac. 
3.12  p.m.     Exten.sor  and  flexor  convulsions. 

3.16  p.m.     Exquisite  tetanus  and  opisthotonus  in  extension. 
3.50  p.m.    Tetanus  and  opisthotonus. 

4.00  p.m.     Tetanus  and  opisthotonus. 
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Control  Experiment  No.  25.  An  equivalent  dose  of  the  drug  injected 
into  an  intact  frog  produces  no  convulsions. 

The  behavior  of  the  dyes  Basel  I  and  Basel  III  is  in  every  respect  so 
similar  to  those  already  studied,  that  it  is  not  necessary  to  give  protocols 
of  their  actions  here. 

ANALYSIS  AND  DISCUSSION        • 

Taking  into  consideration  the  above  data  together  with  those 
already  published  by  Abel  and  Barbour,  we  thus  find  four  com- 
pounds: acid-fuchsin,  phenol-sulphone-phthalein,naphthol  yellow, 
and  tropaeolin  00 — which  all  have  a  very  similar  pharmacological 
and  physiological  action  on  the  frog.  They  all  affect  the  nervous 
system,  producing  convulsions  and  tetanus,  and  they  differ  in  their 
action  from  that  of  a  large  number  of  other  convulsant  drugs,  in 
that  this  effect  can  be  produced  in  a  much  shorter  tune  after  injec- 
tion and  by  using  much  smaller  doses  if  we  divide  the  anterior 
third  of  the  cerebrum  from  the  rest  of  the  brain.  The  effect  is  the 
same  whether  the  drug  be  injected  first  and  the  cerebrum  oper- 
ated afterwards,  or  the  brain  be  operated  on  first  and  the  drug 
injected  later. 

By  way  of  an  explanation  of  the  effect  of  the  removal  of  the 
anterior  third  of  the  brain  Barbour  and  Abel  have  expressed  them- 
selves as  follows:^- 

The  rapidity  with  which  the  convulsions  follow  upon  the  injury  to  the 
cerebral  lobes  under  all  circumstances  make  it  appear  permissible  to  as- 
sume that  the  convulsions  are  held  in  check  in  the  intact  acid-fuchsin 
frog  as  a  result  of  inhibitory  influences  that  proceed  from  the  central  lobe 
to  subcortical  centers.  We  need  not  necessarily  conclude  that  the  in- 
hibitory influences  are  of  a  tonic  character,  or  in  other  words,  that  such 
impulses  continually  pass  from  the  cortex  of  the  frog  to  lower  centers, 
though  we  believe  in  the  general  statement  that  inhibition  in  the  central 
nervous  system  is  an  integral  part  of  the  activity  of  its  irritable  constit- 
uents. We  are  quite  content  for  the  present  to  confine  the  occurrence  of 
such  inhibitory  impulses  to  the  case  of  frogs  poisoned  with  acid  fuchsia. 

The  passage  just  cited  indicates  the  limitations  that  were  made 
by  Barbour  and  Abel  in  propounding  their  hypothesis. 

»«  This  Journal,  vol.  ii,  no.  3,  p.  197,  1910. 
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Joseph  and  Meltzer  have  raised  a  question  of  interest  in  this  con- 
nection, and  I  here  cite  their  words :'^  ''There  are  two  conditions 
which  are  capable  of  greatly  increasing  the  toxicity  of  acid-fuchsin 
for  the  frog,  The  removal  of  the  anterior  third  of  the  brain  (Bar- 
bour and  Abel)  and  cardiectomy Is  it  possible  to  ex- 
plain the  convulsant  -action  of  both  procedures  by  a  single  hypoth- 
esis?" Joseph  and  Meltzer  were  unable  to  offer  an  hypothesis 
which  explained  the  convulsions  of  the  two  proceedures.  '  Pro- 
fessor Abel  has  shown  (^ee  p.  581)  that  the  anomalous  toxicity  of 
acid-fuchsin  after  cardiectomy  is  best  explained  by  the  peculiar 
distribution  of  the  drug  and  by  the  increased  sensitiveness  of  the 
central  nervous  system  in  this  case.  Two  frogs,  one  of  which  re- 
ceives acid-fuchsin  after  a  previous  cardiectomy  and  the  other  of 
which  receives  acid-fuchsin  after  the  previous  removal  of  the  an- 
terior third  of  the  brain,  have  two  things  in  common,  convulsions 
and  an  equal  content  of  acid-fuchsin  in  the  brain  and  cord  at  the  time 
of  the  convulsions,  when  the  minumim  effective  dose  for  each  of 
these  two  proceedures  is  used.  Barbour  and  Abel  stated  that  it 
required  0.35  mg.  per  gram  of  body  weight  to  produce  convulsions 
after  partial  oblation  of  the  cerebral  lobes.  A  smaller  dose  than 
this  is  however,  effective,  but  the  time  that  elapses  before  the  con- 
vulsions appear,  is  greater  than  when  the  large  dose  is  employed. 
I  have  found  that  the  lower  limit  of  the  effective  dose  lies  at 
or  just  above  0.2  mg.  per  gram  of  body  weight  and  that  this  is  the 
lowest  dose  of  acid-fuchsin  under  which  the  spinal  cord  and  brain 
will  receive  enough  of  the  drug,  with  the  cardiac  mechanism  in- 
tact, to  give  a  definite  pink  color  on  the  addition  of  hydrochloric 
acid.  As  was  shown  by  Professor  Abel  this  minimum  quantity 
must  always  be  present  in  the  spinal  cord  and  brain  of  the  cardiec- 
tomized  frogs  also  if  convulsions  are  to  be  obtained. 

While  there  is  an  agreement  in  respect  to  the  amount  of  acid- 
fuchsin  present  in  the  brain  and  spinal  cord  when  convulsions  are 
induced  by  the  two  procedt^res,  (cardietcomy  and  removal  of  the 
anterior  third  of  the  brain),  there  is  no  agreement  in  other  respects. 

Cardiectomy  soon  depresses  the  animal,  and  if  the  injection  is 
made  two  hours  after  the  cardiectomy  no  convulsions  will  be  seen. 

'3  This  Journal,  vol.  iii,  no.  2,  p.  202,  1911. 
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Removal  of  the  anterior  third  of  the  brain,  in  itself,  gives  rise  to 
no  symptoms  whatever.  The  frog  thus  operated  upon  behaved 
in  every  way  like  a  normal  frog.  What  is  more,  acid-fuchsin  in 
doses  of  0.35  mg.  per  gram  of  body  weight,i^  will  still  induce  con- 
vulsions even  when  the  anterior  third  of  the  brain  has  been  re- 
moved a  week  prior  to  the  injection  of  the  drug. 

Whether  or  not  we  attempt  to  give  an  explanation  which  as- 
smnes  an  inhibitory  control  of  the  lower  centers  of  the  cerebral 
lobes,  such  as  was  given  in  a  guarded  manner  by  Barbour  and  Abel, 
the  fact  remains  that  we  are  here  dealing  with  a  phenomenon 
which  is  seen  only  with  a  certain  number  of  dye  stuffs  and  not 
with  other  convulsants.  For  the  present  we  are  not  able  to  show 
that  ablation  of  the  anterior  third  of  the  brain  has  a  deleterious 
action  on  the  oxygen  intake  of  the  spinal  cord  and  brain,  or  in  any 
other  manner  influences  the  metabolism  of  these  organs,  rendering 
them  more  sensitive  (as  does  cardiectomy)to  the  action  of  acid- 
fuchsin.  The  phenomenon  cannot  be  classed  with  the  instances 
of  anomalous  toxicity  following  cardiectomy  (Joseph  and  Melt- 
zer)  which  have  been  discussed  in  detail  by  Professor  Abel. 

Another  very  interesting  question  arises  as  to  whether  the  sim- 
ilarity of  action  of  our  four  drugs  is  due  to  some  chemical  proper- 
ties common  to  them  as  a  whole.  On  this  point  we  can  only 
record  the  following  observations: 

In  the  first  place  all  of  our  drugs  are  dyes  soluble  in  water.  In 
the  second  place,  every  one  of  the  substances  is  taken  up  by  the 
brain  and  cord,  as  could  be  demonstrated  either  by  direct  inspec- 
tion or  by  means  of  chemical  reagents. 

Of  those  dyes  which  we  tried  and  which  were  not  taken  up  by 
the  brain  and  spinal  cord,  none  showed  any  convulsant  action. 
Thus,  for  example,  Congo-red, 

C6H4-N2-CioH5(NH2)S03Na 

I 
C6H4-N2-CioH5(NH,)S03Na. 

a  dye  freely  soluble  in  water,  can  be  injected  into  frogs  in  large 
quantities  without  any  effect.     It  was  found  not  to  be  absorbed 

"  This  Journal  vol.  ii,  no.  3,  p.  193, 1910. 
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by  the  nervous  system.     The  same  is  true  as  far  as  our  observa- 
tions went  of  the  dyes,  methyl  orange  and  scarlet  red. 

In  the  third  place,  on  examining  the  chemical  structure  of  our 
four  bodies  we  note  the  following  formulae : 

^C6H4.0H 
S^C6H4.0H 

Phenol-sulphone-phthalein:     C6H4\^  yO 

\/ 
SO2 

r  (N02)2 

Naphthol  yellow:  C10H4  <  SO3K 

I  OK. 


Tropaeolin  00 :         SO3K  •  CeH*  •  NaCgHi  •  NH  •  C^R, 
H2N 

NaSOa 


Acid  fuchsin:^^ 


>H3C6 


/NH2 

=  C  —  C6H2\— CH3 

OH  ' 


It  will  be  seen  from  the  formulae  that  they  are  all  sulphonated 
bodies.  Furthermore  we  have  noted  that  other  dyes,  which  are 
not  sulphonated  will  not  produce  convulsions  even  though  they  be 
taken  up  by  the  nervous  system.  Thus,  for  instance,  methyl  vio- 
let and  carmine  both  are  taken  up  by  the  nervous  system,  but  do 
not  produce  convulsions.  They  are  not  sulphonated  dyes,  the 
formula  of  the  first  being  Ci9Hi2.(CH3)5.N3HCl,  that  or  the  lat- 
ter C22H22O13.  Methylene  blue  is  a  dye  freely  taken  up  by  the 
nervous  system,  and  containing  sulphur,  but  the  latter  is  combined 
in  the  molecule  not  in  the  form  of  a  sulphone  group  SO2.  It  pro- 
duces no  convulsions  whatever.  Impressed  by  this  interesting 
chemical  relationship  we  looked  for  other  sulphonated  dyes,  to  see 
whether  they  too  will  give  convulsions.  Through  the  kindness  of 
Dr.  Evans  of  the  Anatomical  Laboratory  of  this  University  we  ob- 
tained samples  of  the  commercial  dyes  Basel  I,  Basel  III,  and  Ba- 
sel VIII.  All  of  these  were  soluble  in  water.  On  injection  into 
frogs,  the  dyes  Basel  I  and  Basel  III,  were  found  to  behave  exactly 

"  Leon  Lefevre,  Matieres  Colorantes,  vol.  ii,  p.  1064,  1896. 
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like  tropaeolin  00  and  the  other  convulsant  dyes,  that  is,  they  pro- 
duced convulsions  and  tetanus,  and  the  same  convulsions  were  pro- 
duced much  more  quickly  and  by  much  smaller  doses,  in  the  decer- 
ebrate animals,  the  minimum  dose  of  Basel  I  being  only  0.25  mg. 
per  gram  of  weight  of  frog,  and  that  of  Basel  III  being  only  0.38 
mg.  per  gram  weight.  Basel  VIII  did  not  produce  any  convul- 
sions or  tetanus  either  in  intact,  nor  in  decerebrate  frogs.  All 
three  were  taken  up  by  the  brain  and  spinal  cord.  On  learning 
the  constitution  of  these  dyes  later,  it  was  found  that  Basel  I  and 
Basel  III  were  both  sulphonated  bodies,  whereas  Basel  VIII  was 
not.  It  is  very  probable  that  a  further  search  will  reveal  other  sul- 
phonated dyes  with  similar  properties. 

SUMMARY 

Our  observations  lead  us  to  the  following  conclusions : 

1.  The  dyes  sulphone-phenol-phthalein,  naphthol  yellow,  trop- 
aeolin 00,  Basel  I,  and  Basel  III,  behave  like  acid-fuchsin  and 
when  injected  into  frogs  produce  convulsions  and  tetanus. 

2.  The  convulsions  and  tetanus  can  be  produced  much  more 
quickly  and  by  much  smaller  doses  of  these  drugs,  if  the  anterior 
third  of  the  frog's  cerebrum  be  cut  off  either  before  or  after  the  in- 
jection. 

3.  In  regard  to  their  physical  and  chemical  properties,  these 
substances  are  all  dyes,  all  soluble  in  water,  are  all  taken  up  by 
the  brain  and  spinal  cord,  and  are  all  sulphonated  bodies. 
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The  studies  upon  the  pharmacology  of  the  digitalis  group 
which  have  been  carried  on  in  this  laboratory^  together  with 
observations  of  the  actions  of  these  drugs  on  man^  have  long 
inclined  us  to  the  view  that  the  vomiting  seen  in  both  their  thera- 
peutic and  their  pharmacologic  applications  is  in  all  probabil- 
ity due  to  the  direct  action  of  these  drugs  upon  the  central 
vomiting  mechanism  rather  than  to  a  local  irritant  effect  upon 
the  stomach.  In  our  efforts  to  establish  the  truth  or  the  falsity 
of  this  conception  it  occurred  to  us  that  if  we  could  show  the 
parallelism  between  the  phenomena  and  mode  of  action  of  a  purely 
centrally  acting  emetic  and  the  mode  of  action  and  phenomena 
of  the  digitalis  bodies  in  the  production  of  emesis  we  would  have 
done  much  to  confirm  our  beliefs. 

Apomorphine  is  the  only  emetic  in  common  use  which  is  gen- 
erally reputed  to  produce  emesis  by  its  direct  central  action 
alone,  and  it  was  chosen,  therefore,  as  the  drug  with  which  to 
compare  the  digitalis  bodies  insofar  as  their  emetic  actions  are 
concerned,  but  for  reasons  which  will  become  apparent  we  under- 
took a  preliminary  research  on  apomorphine  before  proceeding 
with  the  comparison  of  the  digitalis  bodies,  and  we  decided  to 
present  this  pharmacologic  study  on  apomorphine  as  a  separate 
paper  before  publishing  that  on  the  seat  of  the  digitalis  emetic 
action. 

'  Hatcher  and  Bailey:    Jour.  Am.  Med.  Ass.,  1910,  Iv,  1697. 
,      2gailey:    Am.  Jour.  Med.  Sc,  1911,  cxlii,  183. 
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Before  passing  on,  to  the  presentation  of  our  own  experiments 
on  this  problem  in  hand,  it  seems  desirable  to  give  a  brief  discus- 
sion of  the  various  points  brought  forth  in  the  literature  and  to 
present  the  existing  arguments  both  for  and  against  the  view 
of  the  central  action  of  apomorphine. 

Following  almost  at  once  upon  the  discovery  of  the  drug  by 
Matthiesen  and  Wright  in  1869,  Gee^  remarked, '^  ...  it 
is  clearly  an  emetic  which  does  not  act  by  causing  direct  gastric 
irritation  (sub-inflammation),  but  which  acts  as  blows  upon  the 
head,  foul  sights  or  smells,  or  mere  imaginations  act."  This 
is  worthy  of  mention  as  an  example  of  acute  perception  and 
close  clinical  observation  rather  than  as  a  pharmacologic  fact, 
which  in  reality  it  is. 

The  absence  of  irritant  properties  of  apomorphine  is  against 
a  local  action  of  the  drug  on  the  stomach.  Siebert^  gave  daily 
emetic  doses  to  dogs  over  periods  of  from  four  to  six  weeks  and 
found  on  autopsy  that  there  were  no  signs  of  any  local  irritation 
or  inflammation  and  Reichert^  showed  that  solutions  of  the  drug 
were  not  irritant  to  the  conjunctiva  or  cornea  when  placed  in 
the  eyes  of  animals. 

Siebert^  observed  that  larger  doses  were  required  to  produce 
emesis  when  given  by  mouth  than  when  given  sub-cutaneously 
and  thought  this  an  argument  in  favor  of  central  action.  Reich- 
ert^  drew  the  same  conclusions  from  his  observations  that  the 
effect  was  produced  regardless  of  the  channel  by  which  the  drug 
was  introduced  into  the  body.  A  number  of  observers  remarked 
that  the  action  seemed  to  be  more  prompt  after  sub-cutaneous 
administration  than  after  oral,  and  Reichert^  noted  that  large 
doses  were  not  nearly  so  efficient  in  causing  vomiting  as  were 
smaller  ones  and  he  expresses  the  opinion  that  from  this,  ''It 
would  seem  as  though  in  small  doses  the  drug  acts  as  a  stimulant 
but  in  larger  as  a  depressant  to  the  vomiting  centers."     Much 

'  St.  Barth.  Hosp.  Rep.,  Lond.,  1869,  v,  215. 

*  Diss.  Dorpat.,  1871,  also  Arch,  der  Heilkunde,  1871,  xii,  622. 
5  Phil.  Med.  Times,   1879-80,  ii,  254. 

*  Loc.  cit. 
^  Loc.  cit. 
'  Loc.  cit. 
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the  same  observations  and  conclusions  were  made  by  Harnack* 
who  remarked  that  while  no  vomiting  followed  very  large  doses, 
it  was  doubtful  whether  this  was  due  to  a  paralysis  of  the  center 
or  not. 

So  unconvincing  an  argument  as  the  close  chemical  similarity 
existing  between  apomorphine  and  its  mother  substance,  mor- 
phine, has  been  offered  as  being  in  favor  of  its  central  action  in 
the  production  of  emesis.  In  this  same  category,  though  of 
much  more  weight,  is  the  fact  that  all  of  the  other  direct  actions 
of  apomorphine  excepting,  of  course,  those  resulting  from  purely 
local  application,  are  exerted  upon  the  several  medullary  centers 
or  upon  the  higher  cerebral  areas. 

Every  one  of  the  arguments  thus  far  mentioned  may  be  con- 
sidered as  lending  some  element  of  support  to  the  view  of  central 
action  but  none  can  be  regarded  as  conclusive.  More  direct  evi- 
dence was  sought  along  experimental  lines  and  the  role  of  the 
vagus  was  studied  by  many  observers.  Luettich^^  observed  that 
emesis  in  dogs  did  not  occur  when  they  were  lying  on  their  backs 
and  it  seems  that  Quehl  who  had  found  that  section  of  the  vagi^^ 
prevented  emesis  had  restrained  his  animals  in  that  position 
thus  vitiating  his  result.  Siebert^^  released  his  dogs  after  vago- 
tomy and  found  that  apomorphine  did  cause  emesis.  This  occur- 
rence of  vomiting  in  dogs  after  vagotomy  has  been  confirmed  by 
many  observers  among  whom  may  be  mentioned  Harnack^^ 
RiegeP*  David, ^^  and  Chouppe.^^  To  this  evidence  regarding  the 
action  of  apomorphine  after  vagotomy  may  be  added  the  find- 
ings of  Openchowski^^  that  the  vagi  are  the  sole  paths  through 
which  the  purely  peripheral  reflex  emetics,  such  as  copper  sul- 
phate, act  when  introduced  into  the  stomach. 


loc 


Arch.  f.  exp.  Path.  ti.  Pharm.,  1874,  ii,  254. 

"Ueberden  Mechanismus  des  Brechacts  etc.,  Kiel,  1873;  quoted  by  Harnack, 
cit. 
'  Quehl:    Diss.  Halle.,  quoted  by  Harnack. 

*  Loc.  cit. 
'  Loc.  cit. 

♦  Quoted  by  Harnack. 

»  Gaz.  d.  Paris,  1874,  Hi,  464. 

•  Quoted  by  David. 

» Centbl.  f.  Phys.,  1889-90,  iii,  1. 
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More  direct  proof  of  the  central  action  of  apomorphine  was 
sought  by  Reichert^*  who  Hgated  the  thoracic  aorta,  thereby 
excluding  the  stomach  from  the  circulation,  and  who  then  induced 
vomiting  by  giving  the  drug  subcutaneously.  He  concluded 
from  this  experiment  that,  ''The  action  of  the  drug  could  not 
be  that  of  an  effort  at  elimination  causing  stimulation  of  peri- 
pheral gastric  nerves."  Sollmann^^  says,  ''After  the  blood  ves- 
sels supplying  the  stomach  have  been  ligatured,  apomorphine 
does  not  produce  vomiting  when  paced  in  this  organ,  but  acts 
when  injected  into  the  general  circulation  (from  which  it  cannot 
reach  the  stomach)."  This  latter  argument  is  not  conclusive 
evidence  of  central  action  for  it  fails  to  take  into  consideration 
the  possibility  of  excretion  and  subsequent  local  action  upon  the 
intestines  at  some  point  below  the  stomach,  and  furthermore 
the  wholly  abnormal  condition  of  the  organ  might  be  quite  effec- 
tive to  prevent  penetration  of  the  drug  sufficiently  to  stimulate 
the  reflex  mechanism  even  when  it  is  put  directly  into  the 
stomach.  In  addition  we  have  found  the  traumatism  caused  by 
such  ligatures  and  the  abnormal  state  of  the  mucosa  of  the 
stomach  frequently  provocative  of  emesis  without  the  aid  of 
any  drug. 

Magendie^o  replaced  the  stomachs  of  dogs  by  pigs'  bladders 
and  was  able  to  induce  typical  emesis  thus  excluding  the  possi- 
bility of  any  local  reflex  action  from  the  stomach  as  the  cause 
of  the  vomiting.  This  does  not  eliminate  the  possible  reflex 
action  arising  from  a  portion  of  the  intestine  below  the  seat  of 
the  operation. 

By  transverse  section  of  the  spinal  cord  in  the  region  of  the 
first,  to  third  cervical  segments  Gianuzzi^^^  was  able  to  show  that 
the  vomiting  center  lay  above  this  level.  Starting  with  this 
information  Thumas^^  turned  his  attention  to  a  direct  location 
of  the  center.     He  cited  the  contention  of  Grimm^^  confirmed 

^^  Loc.  cit. 

1"  SoUmann,  Text-book  of  Pharmacology,  1906,  2d  ed.,  p.  306. 

2  0  Quoted  by  Magnus,  Ergeb.  d.  Physiol,  1903,  ii,  2,  645. 

-1  Quoted  by  Thumas:    vide  infra.  , 

22  Virch.  Arch.,  1891,  cxxiii,  44. 

23  pfiueger's  Arch.,  1871,  iv,  205. 
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by  Greve^*  who  believed  that  the  vomiting  and  respiratory  cen- 
ters were  indentical.  Thumas  agrees  with  Harnack  that  this 
contention  is  incorrect  for  there  is  no  vomiting  in  deep  narcosis 
although  the  respiratory  center  is  then  capable  of  stimulation 
by  apomorphine.  On  this  basis  Thumas  believed  the  vomiting 
center  was  an  entity  and  probably  la}''  in  the  medulla  in  the 
neighborhood  of  the  respiratory  center.  He  carried  on  a  series 
of  sections  in  the  medulla  to  locate  the  center  and  found,  by  the 
exclusion  of  all  other  areas,  that  a  longitudinal  section  in  the 
mid-line  of  the  medulla  extending  for  5  mm.  through  the  cala- 
mus scriptorius,  with  a  lateral  extent  of  1  mm.  to  either  side  of 
the  middle  line,  completely  prevented  all  vomiting  movements 
but  did  not  in  any  way  affect  respiration.  Further,  the  direct 
application  to  this  small  area  of  amounts  of  apormorphine  insuf- 
ficient to  cause  any  perceptible  effect  when  applied  elsewhere 
in  the  medulla,  invariably  caused  emesis.  He  consequently 
believed  that  he  had  located  the  vomiting  center  and  that  it 
was  either  a  twin  center  or  a  bilateral  single  center  lying  in  the 
mid-line  of  the  medulla,  just  beneath  the  surface,  and  in  the 
region  of  the  calamus  scriptorius.  Ospenchowki  objects  to  the 
assumption  that  this  is  the  site  of  the  center  and  contends  that 
Thumas's  work  merely  shows  that  at  this  point  are  located  the 
tracts  which  pass  to  and  from  the  corpora  quadrigemina,  where 
Openchowski  would  have  us  believe  the  center  is  situated. 

Having  summarized  the  principal  arguments  advanced  in  sup- 
port of  the  existence  and  location  of  the  vomiting  center  a  few 
points  may  be  mentioned  which  seem  to  weigh  against  the  belief 
in  the  central  action  of  apomorphine.  Schuetz^^  observed  the 
development  of  strong  reversed  peristalsis  in  the  excised  stomachs 
of  dogs  under  the  influence  of  apomorphine  and  other  emetics 
and  believed  that  this  local  effect  upon  the  movements  of  the 
organ  had  much  to  do  with  the  induction  of  vomiting.  Batelli^* 
destroyed  the  vahdity  of  this  view  by  showing  that  precisely 
the  same  phenomena  could  be  seen  in  the  excised  stomach  when 

"  Quoted  by  Thumas,  loc.  cit. 

«  Arch.  f.  exp.  Path.  u.'Pharm.,  1886.  xxi,  341. 

"  Influence  des  Medicaments  sur  les  Mouvcments  de  I'Estomac,  1896,  Geneve. 
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no  drug  had  been  employed.  Quehl's  experiments  with  section 
of  the  vagi  which  we  have  cited  above  supported  the  idea  of 
local  action  but,  as  we  have  seen,  they  have  been  refuted  abun- 
dantly. Some  have  thought  the  action  to  be  more  prompt  after 
introduction  of  the  drug  into  the  stomach  than  when  othervsdse 
administered.  This  observation  is  seen  at  once  to  be  inaccurate 
if  the  drug  be  given  intra-muscularly  and  by  stomach. 

Reichert^''  asserts  that  apomorphine  can  be  found  in  the  first 
vomitus  even  when  given  subcutaneously.  This  would  seem  to 
be  strongly  in  favor  of  the  possibility  of  a  local  action.  But  he 
does  not  so  regard  it,  for  he  believes  that  another  of  his  experi- 
ments in  which  he  excluded  the  stomach  from  the  circulation 
by  ligature  of  the  aorta,  shows  that  such  excretion  is  not  neces- 
sary for  the  production  of  emesis  by  the  drug.  Further,  Bongers^** 
and  Valenti^s  were  unable  to  find  any  trace  of  the  drug  under 
these  conditions. 

In  order  to  emphasize  the  strength  of  the  general  belief  in  the 
central  action  of  apomorphine  we  will  enumerate  the  several  argu- 
ments and  observations  which  form  the  foundation  of  the  belief. 

1.  The  chemical  similarity  to  morphine. 

2.  The  necessity  for  larger  doses  by  mouth  than  when  given 
otherwise. 

3.  The  slower  action  when  given  by  mouth  than  when  other- 
wise given. 

4.  The  lesser  effects  of  large  doses  as  compared  with  small. 

5.  The  absence  of  all  irritant  properties  when  it  is  applied  to 
nmcous  membranes  or  the  cornea. 

6.  The  fact  that  all  of  its  other  direct  actions  are  upon  the 
centers. 

7.  Its  action  when  given  by  stomach  after  vagotomy. 

8.  Its  action  after  ligation  of  the  thoracic  aorta  which  inter- 
feres with  its  excretion  into  the  stomach. 

9.  Its  action  when  minimal  amounts  are  applied  directly  to 
Thumas's  area  in  the  medulla. 

"  Loc.  cit. 

"  Arch.  f.  exp.  Path.  u.  Pharm.,  1894-95,  xxxv,  415. 

"  Arch,  di  Farm,  et  Ther.,  1901,  ix,  233. 
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10.  Absence  of  emesis  after,  Thumas's  section  through  this 
area. 

For  the  sake  of  contrast  we  will  likewise  emumerate  the  points 
which  have  been  raised  against  this  view,  all  but  one  of  which 
have  been  amply  refuted. 

1.  The  reversed  peristalsis  seen  by  Schuetz  (completely  re- 
futed). 

2.  Absence  of  emesis  after  section  of  the  vagi,  observed  by 
Quehl  (completely  refuted). 

3.  The  contention  that  the  drug  acts  more  rapidly  when  put 
into  the  stomach  than  when  given  otherwise  (abundantly  refuted) . 

4.  Presence  of  the  drug  in  the  first  vomitus  after  subcutaneous 
administration  (practically  refuted). 

While,  as  we  said  in  the  beginning  of  this  paper,  we  have  no 
absolute  proof  of  the  central  action  of  the  drug,  the  evidence 
when  taken  together  is  well  nigh  overwhelming  in  support  of  the 
occurrence  of  such  direct  central  action. 

Before  passing  on  to  a  presentation  of  our  own  results  in  the 
study  of  this  question  we  would  draw  attention  to  the  difficulty 
of  a  definite  determination  of  the  seat  of  action  in  the  case  of 
apomorphine.  This  difficulty  has  been  encountered  by  all  who 
have  made  serious  efi'orts  to  solve  the  problem,  and  if  our  chief 
experiment  seems  to  be  unnecessarily  complex  we  can  only  say 
that  we  were  unable  to  attack  the  problem  successfully  in  any 
other  way  than  that  which  we  have  employed  and  which  involves 
the  complete  removal  of  the  entire  gastro-intestinal  tract  as 
devised  by  one  of  us  (C.E.). 

EXPERIMENTAL 

For  purposes  of  comparison  it  was  necessary  to  establish  the 
effective  emetic  doses  of  apomorphine  by  the  various  modes  of 
administration.  For  this  purpose,  as  well  as  in  the  case  of  all 
of  the  subsequent  experiments  recorded  in  this  paper,  we  used 
a  single  specimen  of  the  drug.  In  all  cases  the  dose  is  expressed 
in  miUigrammes  of  the  drug  per  kilogram  of  body  weight  of  the 
animal. 
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The  protocol  of  a  single  experiment  of  each  type  will  suffice 
as  the  results  of  each  series  will  be  given  in  tabular  form  for 
easier  analysis.  • 

Determination  of  Emetic  Dose  by  Stomach 

Protocol  of  experiment: — June  27,  1911.     Coach  9,  weight  8.6  kilo. 
12:02  p.m.     Apomorphine  0.25  mgm.  per  kilo,  by  stomach  tube. 
1:00  p.m.     No  emesis  has  resulted.     Experiment  closed. 

The  dose  in  the  first  experiment  having  proved  ineffective,  it 
was  gradually  increased  until  one  was  found  which  in  most 
cases  would  cause  vomiting.  A  record  was  kept  of  the  time  of 
the  occurrence  of  emesis  after  the  administration  of  the  drug, 
as  well  as  of  the  number  of  times  the  vomiting  was  repeated  after 
a  single  dose.     The  results  of  this  series  are  given  in  table  I. 

All  animals  were  watched  for  at  least  an  hour  after  the  drug 
was  given.  The  result  in  experiment  7  can  be  explained  only 
on  the  ground  of  very  great  susceptibility  on  the  part  of  the 
animal  for  no  other  dog  vomited  with  a  dose  of  less  than  five 
times  that  used  in  this  case. 

Taking  these  results  we  find  that  all  of  the  dogs  which  received 
5.5  and  6.0  mg.  per  kilo  vomited  but  of  the  nine  which  had  5.0 
mg.  per  kilo  only  four  vomited.  We  have,  therefore  eight  out 
of  thirteen  vomiting  with  a  dose  of  from  5.0  to  6.0  mg.  per  kilo. 
Excluding  the  one  anomalous  result,  after  the  dose  of  1.0  mg. 
per  kilo  the  interval  which  elapsed  between  administration  of  the 
drug  and  vomiting  varied  from  four  to  ten  minutes,  with  an 
average  of  seven  minutes.  The  average  of  the  doses  causing 
emesis  is  5.7  mg.  per  kilo.  The  concentration  of  the  solution 
within  wide  limits  seems  to  have  no  influence  on  the  size  of  the 
dose  or  the  rapidity  of  action. 

Determination  of  the  Effective  Dose  by  Subcutaneous  Injection 

The  drug  was  dissolved  in  0.85  per  cent  saline  solution  fresh 
each  day  for  the  experiments. 
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TABLE  I 

Apomorphine  to  Dogs  by  Stomach  Tvbe 


EXPERIMENT 

MILLIGRAMS  PER 
KILOGRAM 

EMESIS 

IMTSBVAL  BEFORE 
EMESIB 

TIMES  REPEATED 

Minvtet 

1 

0.25 

0 

2 

0.5 

0 

3 

0.5 

0 

4 

0.75 

0 

5 

0.75 

0 

.6 

1.0 

0 

7 

1.0 

+ 

22 

0 

8 

2.0 

0 

9  ■ 

2.0 

0 

10 

3.0 

0 

11 

4.0 

0 

12 

4.0 

0 

13 

5.0 

0 

14 

5.0 

0 

15 

5.0 

0 

16 

5.0 

0 

17 

5.0 

0 

18 

5.0 

+ 

10 

1 

19 

5.0 

+ 

4 

1 

20 

5.0 

+ 

8 

1 

21 

5.0 

+ 

6 

0 

22 

5.5 

+ 

6 

0 

23 

6.0 

+ 

8 

0 

24 

6.0 

+ 

6 

0 

25 

6.0 

4- 

8 

3 

Protocol — June  27,  1911.     Experiment  iS,  tan  dog,  9. 
2:06  p.m.     Subcutaneous  injection  0.5  mg.  per  kilo  of  apomorphine. 
2:10  p.m.    Vomiting.     Repeated  several  times  at  brief  intervals. 

The  results  of  the  series  are  given  in  table  II. 

Emesis  was  not  produced  by  a  dose  of  less  than  0.1  mg.  per 
kilo  by  sub-cutaneous  injection.  Of  the  four  dogs  receiving  this 
dose  only  one  vomited.  Of  the  two  which  had  0.15  mg.  per  kilo 
one  vomited  and  the  other  did  not.  All  of  those  which  received 
0.2  mg.  per  kilo  or  more  vomited  one  or  more  times.  By  sub- 
cutaneous injection  the  effective  dose  of  our  sample  of  apomor- 
phine would  seem  to  be  about  0.2  mg.  per  kilo.  The  interval 
between  the  giving  of  the  dose  and  the  onset  of  emesis  is  quite 
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variable.  Excluding  experiment  14,  for  reasons  to  be  given, 
the  limits  of  time  range  from  two  and  one-half  to  ten  minutes 
with  an  average  of  six  and  one-half  minutes  for  the  ten  experi- 
ments. Experiment  14  is  excluded  because  of  the  fact  that  the 
animal  had  a  small  dose  of  the  drug  by  vein  some  four  hours 
earlier  and  was  still  slightly  depressed.  The  experiment  was 
not  intended  for  this  series.  Experiments  16  and  17  are  worthy 
of  note  for  they  disprove  the  contention  of  Luettich  (p.  529)  tliat 


TABLE  II 
Apomorphine  to  Dogs,  Subcutaneously 


EXPERIMENT 

MILLIGRAMS  PER 
KILOGRAM 

EMESIS 

INTERVAL  BEFORE 
EMESIS 

TIMES  REPEATED 

Minutes 

1 

0.05 

0 

2 

0.05 

0 

3 

0.1 

+ 

10 

1 

4 

0.1 

0 

6 

0.1 

0 

6 

0.1 

0 

7 

0.15 

0 

8 

0.15 

+ 

5h 

1 

9 

0.2 

+ 

3i 

1 

10 

0.2 

+ 

91 

2 

11 

0.25 

+ 

10 

Several 

12 

0.25 

■  + 

10 

Several 

13 

0.5 

+ 

4 

Several 

14 

0.5 

+ 

20 

3 

15 

2.0 

+ 

2i 

Many 

16 

2.0 

+ 

6 

Many 

17 

2.0 

+ 

4 

Many 

emesis  does  not  occur  when  dogs  are  lying  on  their  backs.  In 
both  of  these  experiments  the  animals  were  firmly  restrained  on 
their  backs  on  boards  and  yet  they  both  vomited  quite  promptly. 
It  is,  nevertheless,  quite  true  that  emesis  is  much  less  likely  to 
occ|DeiCgf^pj;^J;hese  circumstances  and  has  completely  failed  in 
son!  .3  experiments  in  which  we  have  tried  it.     The 

poiF  he  d,nittle  or  no  bearing  in  the  present  series  of  observations 
ana  is  stated  as  a  fact  apart  from  the  main  trend  of  the  work. 
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Determination  of  the  Effective  Dose  by  Intramuscular  Injection 

This  was  undertaken  in  the  same  general  way  as  were  the  two 
previous  detenninations.  The  solutions  were  made  fresh  on  the 
day  when  used  and  0.85  per  cent  salt  solution  was  the  solvent. 

Protocol — July  6,  1911.     Experiment  5,  tan  dog,  cf,  weight  7.2  kilo. 
11:03    a.m.    Intramuscular  injection  of  apomorphine,  0.075  mg,  per 

kilo. 
11:07^  a.m.     Vomiting,  not  repeated. 

Table  III  gives  the  results  of  this  series. 

TABLE  m 
Apomorphine  to  Dogs,  Intramuscularly 


EXFBBIHENT 

MILLIGRAMS  PEH 
KILOGRAM 

,             EME81B 

INTERVAL  BEFORE 
EMESIS 

TIMES  BXPEATED 

Minutes 

1 

0.05 

0 

2 

0.05 

0 

3 

0.05 

+ 

7 

0 

4 

0.05 

+ 

4i 

1 

5 

0.075 

+ 

4§ 

0 

6 

0.075 

+ 

3 

0 

7 

0.075 

+ 

4 

0 

8 

0.1 

+ 

4 

0 

The  results  of  this  series  are  far  more  nearly  uniform,  partly 
at  least,  because  our  data  were  becoming  greater  and  we  had  to 
do  less  feeling  about  to  find  our  way.  An  analysis  of  this  table 
along  the  same  lines  as  the  analyses  of  the  preceding  tables  shows 
the  average  effective  intramuscular  dose  to  he  between  0.05  and 
0.075  mg.  per  kilo  with  a  very  slight  range  of  variation.  The 
time  interval  before  this  dose  causes  emesis  is  also  more  nearly 
uniform  and  has  a  maximum  range  of  three  minutes  with  the 
average  of  eight  experiments  at  four  and  one-half  minutes.  There 
is  special  interest  in  experiment  number  7  in  that  it  was  made 
with  a  non-sterile  solution  prepared  six  weeks  previously  and 
not  protected  from  light.  That  it  was  still  as  active  as  a  freshly 
made  solution  tends  to  refute  the  notion  which  prevails  to  the 
effect  that  the  drug  rapidly  deteriorates  in  solution.     This  old 
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solution  was  very  deep  green  and  very  cloudy  on  shaking,  in 
fact  opaque,  but  was  still  up  to  its  original  strength  after  standing 
six  weeks  at  room  temperature.  This  is  the  only  instance  in  the 
series  of  experiments  recorded  in  this  paper  in  which  an  old 
solution  was  used.  This  was  the  same  solution  as  was  used  in 
experiment  five. 

Determination  of  the  Effective  Dose  by  Intravenous  Administration 

The  problem  of  fixing  this  dose  was  fraught  with  some  diffi- 
culty for  it  appeared  that  the  rate  of  administration,  the  con- 
centration of  the  solution,  and  such  factors  were  frequent  obsta- 
cles to  the  success  of  our  earlier  experiments.  But  to  follow  the 
same  plan  of  presentation  that  we  have  used  in  the  previous 
series  the  protocol  of.  one  experiment  will  be  given,  and  then 
the  table  of  results  followed  by  a  discussion  of  facts  elicited. 

Protocol — June  28,  1911.     Experiment   16,  dog,  fox,  cf,  restrained 

on  back,  quick  incision,  cannula  inserted  into  femoral  vein. 
9:48|  a.m.     Start  intravenous  injection. 
9:51    a.m.     Salivation,  respiratory  stimulation,  followed  at  once  by 

emesis. 
10:30    a.m.     Emesis  was  not  repeated.  Experiment  closed  and  ani- 
mal released. 
Apomorphine  injected  =  0.039  mg.  per  kilo. 

By  the  term  ''semi-dorsal"  in  the  table  we  wish  to  indicate  that 
the  forward  portion  of  the  animal's  body  lies  on  one  side  while,  for 
convenience  of  the  insertion  of  a  cannula  into  the  femoral  vein, 
the  posterior  extremities  are  placed  much  as  though  the  animal 
were  wholly  on  his  back.  From  the  table  it  will  be  seen  that 
this  change  in  position  of  the  animals  increased  the  proportion 
of  successful  injections.  The  position  is  decidedly  a  more  com- 
fortable one  for  the  animals  and  obviates  the  added  factor  of 
uncertainty  of  emesis  in  the  dorsal  position,  of  which  we  have 
previously  made  mention.  Anaesthesia  interferes  with  emesis, 
hence  the  vein  was  exposed  and  the  cannula  or  needle  was  in- 
serted through  a  small  incision,  made  quickly  with  a  sharp  knife. 
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and  in  no  instance  was  there  any  sign  of  pain  observed,  for  the 
animal  would  not  even  flinch,  while  being  petted  during  the  rapid 
cut  through  the  skin. 


TABLE  IV 


Apomor-phine 

to  Dogs,  Intravenously 

EXPSBIMSIIT 

TllfSS 
BKPEATED 

SALITATION 
ONLY 

POSITION  OF  DOG 

1 

1 
0.22        1            0 

0 

On  back. 

2 

0.172      '           + 

0 

-• 

Semi-dorsal 

3 

0.15                   0 

0 

+ 

Semi-dorsal 

4 

0.148 

0 

0 

Semi -dorsal 

5 

0.1 

0 

0 

+ 

On  back 

6 

0.099                 0 

0 

+ 

Semi -dorsal 

7 

0.065                 + 

0 

Semi-dorsal 

8 

0.061                 + 

0 

Semi-dorsal 

9 

0.06                   + 

0 

On  back 

rio 

0.05       ;          + 

1 

Semi-dorsal 

ill 

0.05        '           0 

0 

+ 

Semi-dorsal 

12 

0.05                   + 

0 

Semi-dorsal 

13 

0.05                   + 

0 

On  back 

14 

0.043                 + 

4 

Semi-dorsal 

15 

0.041                 + 

0 

Semi-dorsal 

16 

0.039                 + 

0 

On  back 

17 

0.038                 + 

0 

Semi-dorsal 

18 

0.037                 + 

0 

Semi-dorsal 

19 

0.036                 + 

0 

Semi-dorsal 

20 

0.036                 + 

0 

Semi-dorsal 

21 

0.031      !           + 

0 

Semi-dorsal 

22 

0.029 

0 

0 

+ 

On  back 

*23 

6.0 

0 

0 

On  back 

*  Such  a  large  dose  was  injected  in  the  eflFort  to  determine  whether  it  was 
possible  to  cause  emesis  by  intravenous  administration  of  a  very  large  dose 
injected  slowly  after  a  smaller  one  has  failed.  No  emesis  occurred  as  the 
table  shows. 

Experiments  10  and  11  are  bracketted  to  call  attention  to 
the  fact  that  in  these  two  cases  only  was  the  dose  given  a  pre- 
viously determined  one.  In  these  two  the  required  amount  of 
the  drug  was  injected  into  the  vein  by  hypodermic  syringe. 
In  all  of  the  others  of  the  series  the  dose  was  calculated  frobi  the 
quantity  of  a  solution  of  a  known  strength  which  was  run  into 
the  vein  slowly  and  continuously  until  the  appearance  of  the 
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usual  symptoms  of  nausea  indicated  that  emesis  would  follow. 
The  figures  given  under  the  caption  ''Milhgrams  per  Kilogram" 
indicate  the  smallest  amount  requisite  to  cause  emesis  in  each 
case  in  which  it  appeared.  In  the  instances  in  which  there  was 
no  emesis  the  quantity  is  that  given  before  closing  the  experi- 
ment. 

The  very  large  dose  given  in  experiment  2  to  cause  emesis  may 
be  accounted  for  on  the  basis  of  the  animal's  having  had  two 
previous  injections,  and,  as  a  result,  having  become  depressed, 
or,  refractory,  as  we  prefer  to  call  it.  We  will  speak  of  this  more 
in  detail  subsequently.  This  experiment  may  then  be  excluded 
from  our  computation  of  average  dose,  for  all  the  other  doses  are 
single  first  doses.  The  average  dose,  based  upon  the  fourteen 
experiments  in  which  vomiting  occurred,  is  0.0455  mg.  per  kilo 
of  dog  weight.  If  we  include  the  high  figure  of  experiment  2 
we  raise  the  average  effective  vein  dose  to  0.053  mg.  per  kilo. 
In  practice  in  the  laboratory  we  have  come  to  speak  of  0.05  mg. 
as  being  the  kilogram  vein  dose  for  dogs,  that  is  for  this  single 
specimen  of  the  drug. 

"While  the  effective  dose  falls  within  certain  limits,  the  element 
of  concentration  influences  considerably  the  success  of  intraven- 
ous administration  and  the  accuracy  of  the  determination  of 
the  dose  required  to  cause  vomiting.  If  the  solution  be  too  con- 
centrated a  very  slight  error  in  checking  the  injection  at  the  earliest 
sign  of  impending  emesis  will  make  a  very  large  error  in  the  dose. 
On  the  other  hand,  if  the  solution  be  too  dilute  the  rate  of  the 
injection  will  not  permit  of  a  sufficiently  rapid  administration 
of  the  drug  to  cause  emesis  with  any  degree  of  certainty.  Further, 
it  would  seem  that  in  many  instances  when  the  effective  dose 
has  been  rapidly  passed  by  moderate  excess  of  the  drug  there 
arises  a  state  of  resistance  to  subsequent  doses.  That  is,  if  the 
dose  be  exceeded  moderatelj^  without  the  occurrence  of  emesis 
subsequent  doses  will  then  fail  to  cause  emesis  unless  an  interval 
of  some  hours  is  allowed  to  elapse.  This  condition  we  have  come 
to  designate  as  a  '^refractory  state."  It  is  obvious  that  the 
introduction  of  this  element  will  be  more  frequent  the  higher 
the  concentration  of  the  solution  used.     For  practical  purposes 
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we  have  found  that  the  most  satisfactory  concentration  for  intra- 
venous administration  is  such  that  1  cc.  of  solution  contains 
0.05  mg.  of  apomorphine;  at  least  this  is  true  for  our  sample  of 
the  drug. 

We  have  referred  to  the  earliest  sign  of  impending  emesis  and 
would  state  that  our  experience  leads  us  to  believe  that  the  first 
definite  appearance  of  salivation  and  licking  of  the  chops  is  a 
fairly  trustworthy  and  nearly  constant  sign  of  the  approach  of 
vomiting.  So  early  is  it  that  in  a  few  isolated  experiments  in 
which  we  have  stopped  the  injection  the  moment  the  sign  began 
to  appear  we  saw  these  phenomena  only  and  by  subsequent 
injection  in  the  same  animal  were  able  to  show  that  we  had 
stopped  just  below  the  effective  emetic  dose.  For  instance, in  ex- 
periment 2  in  the  table  on  page  544  the  animal  vomited  from 
doses  of  0.038  and  0.042  mg.  per  kilo  while  he  showed  sahvation 
only  when  the  doses  were  0.037  and  0.032  mg.  per  kilo.  This 
sign  of  salivation  is  not  absolutely  constant  but  is  so  nearly  so 
that  it  forms  our  best  guide  in  these  experiments  as  to  when  to 
check  the  injection. 

The  caption  ''Interval  before  emesis"  was  purposely  omitted 
from  table  IV  on  account  of  the  fact  that  the  injection  was  con- 
tinued until  salivation  appeared  and,  as  we  have  seen,  this  may 
be  considered  to  be  the  premonitory  sign  of  the  vomiting  act. 
Emesis  follows  within  one-half,  to  one  and  one-half,  minutes 
after  the  first  sign  of  salivation. 

Accepting  the  average  effective  vein  dose  as  being  0.045  mg. 
per  kilo,  we  find  that  the  extreme  Umits  of  variation  are  rather 
wide  in  isolated  instances.  The  highest  effective  initial  dose  in 
our  series  was  0.065  mg.  or  44  per  cent  above  the  average,  while 
the  lowest  initial  dose  was  0.031  mg.  or  32  per  cent  below.  It 
is  obvious,  however,  that  here,  as  in  other  biological  methods 
which  aim  at  any  degree  of  precision,  standardization,  for  exam- 
ple, reasonably  accurate  results  can  be  had  as  the  result  of  the 
average  of  a  sufficiently  large  series  of  experiments.  We  have 
used  these  observations  and  those  given  under  the  consideration 
of  the  intramuscular  mode  of  administration  as  a  means  of  detect- 
ing the  presence  of  small  quantities  of  the  drug  in  various  fluids. 
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The  details  of  our  methods  will  be  considered  in  another  place 
in  this  pap(;r. 
""''  teoine  xT^t'eresting  observations  were  made  on  the  effects  of 
repeated  intravenous  doses  of  apomorphine  to  the  same  animal. 
The  dogs  in  this  series  were  all  restrained  in  the  semi-dorsal 
position  described;  and  the  solution  was  injected  from  a  burette 
into  the  femoral  vein.  A  condensed  protocol  of  such  an  experi- 
ment is  as  follows: 

August  26,  1911.     Experiment  17,  tan  dog  &,  semi-dorsal  position, 
no  anaesthetic.     Cannula  in  femoral  vein.     Solution   of  apo- 
morphine in  N/1  saline  1.0  cc.  =  0.05  mg.  of  the  drug. 
11.12    a.m.     Stajrt  injection. 

11:13     a.m.     Salivation:  stop  injection.  0.036  mg.per  kilo  apomor- 
phine injected. 
Emesis. 

Start  injection. 

Salivation.     Stop  injection.  0.0208  mg.  per  kilo  apo- 
morphine injected. 
Emesis 

Start  injection. 

Salivation.     Stop  injection.     0.024  mg.  per  kilo  apo- 
morphine injected. 
Emesis.     Repeated  at  11.22|, 
Start  injection. 

Salivation;  stop  injection.  0.028  mg.  per  kilogram  apo- 
morphine injected. 
Emesis. 

Animal  released. 
Diarrhoeal  movement. 

Table  V  presents  the  results  of  this  group  of  experiments. 

In  table  five  the  figures  in  the  fourth  column  marked  with  an 
asterisk  indicate  the  time  from  the  cessation  of  the  preceding 
injection  as  in  these  instances  there  was  no  emesis  from  which 
to  take  the  time.  The  dose  marked  X  in  the  second  column 
under  Experiment  5  which  was  given  to  the  animal  without 
causing  emesis,  owing  to  its  similarity  to  the  next  following  dose 
which  did  cause  emesis,  needs  explanation.     The  reason  for  the 


11:131 

a.m. 

11:16 

a.m. 

11:17 

a.m. 

11  :m 

11:20 

a.m. 

11:21 

a.m. 

ll:21i 

11:24 

a.m. 

11:25 

a.m. 

ll:25i 

a.m. 

11:27 

a.m. 

11:28 

a.m. 
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absence  of  emesis  from  the  first  of  these  two  doses  is  that  the 
drug  was  injected  veryslowly  at  this  point  to  enable  us  to  watch 
more  carefullj^  if  possible,  the  symptoms  which  the  animal  pre- 
sented during  the  injection.  As  it  presented  none  but  saliva- 
tion we  gained  nothing  except  a  further  confirmation  of  our 
previous  observation  that  too  slow  an  injection  was  not  followed 
by  emesis. 

There  is  a  noticeable  lack  of  fatigue  of  the  center  as  a  result 
of  the  repeated  injections.  Two  animals  of  the  series  vomited 
five  consecutive  times,  and  two,  four  times.  In  some  of  the 
experiments  the  limit  of  the  number  of  repetitions  was  arbitrary 
and  there  is  little  doubt  that  the  animals  could  have  been  made 
to  vomit  again.  There  is  some  tendency  toward  an  increase  in 
the  size  of  the*  effective  dose  on  repetition  and  where  this  occurs 
it  is  probably  due  to  the  development  of  a  more  or  less  notice- 
able general  depression.  In  this  as  in  the  previous  series,  we 
were  struck  by  the  fact  that  in  the  majority  of  instances  the 
administration  of  a  dose  moderately  in  excess  of  the  effective 
one  failed  to  result  in  emesis.  In  many  of  these  there  was  no 
apparent  depression  to  account  for  this  lack  of  effect  and  in  addi- 
tion it  was  oberved  that  a  further  increase  in  the  dose  was  like- 
wise ineffective  (see  also  p.  540).  We  have  thought  that  this 
might  be  due  to  the  development  of  a  refractory  state  of  the  center. 
In  support  of  this  view  we  have  twice  seen  such  a  condition 
overcome  by  a  rapid  injection  of  a  considerably  larger  dose  with 
resulting  vomiting.  On  comparing  the  details  of  these  two  experi- 
ments we  found  the  large  effective  dose  to  be  a  little  less  than 
three  times  the  previously  effective  small  one,  while  in  these 
and  other  experiments  the  dose  causing  the  refractory  state  lay 
nearer  to  the  small  effective  dose.  We  have  offered  this  hypo- 
thesis upon  the  assumption  that  apomorphine  acts  upon  the 
center.  While  we  have  termed  this  a  "refractory"  state  it  is 
quite  probable  that  it  is  a  condition  of  slight  depression  of  the 
vomiting  center  only  without  the  association  of  any  obvious 
depression  of  other  functions,  and  that  the  larger  dose  is  there- 
fore required  to  cause  a  sufficient  stimulation,  in  the  presence  of 
this  depression,  to  cause  vomiting.     To  do  this,  also,  the  dose 
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TABLE  V 
Apomorphine  to  Dogs,  Repeated  Doses,  Intravenous  Injection 


INTERVAL  BE- 

MILLIGRAMS 

TWEEN  INJEC- 

SALIVATION 

EMESIS 

EXPERIMENT 

PER  KILOGRAM 

EMESIS 

TION  AND  LAST 
EMESIS 

ONLY 

TIMES  REPEATED 

Minutes 

0.036 

+ 

0 

1       - 

0.0208 

+ 

21 

0 

0.024 

+ 

21 

.1 

0.028 

+ 

u 

0 

0.038 

+ 

0 

2       < 

0.032 

0 

9i 

+ 

0 

0.042 

+ 

*4f 

1 

0.037 

0 

6 

+ 

0 

0.037 

+ 

* 

0 

0.05 

0 

11 

0 

0.037 

0 

*25 

+ 

0 

3       ' 

0.047 

+ 

*9 

1 

0.039 

+ 

4 

0 

0.035 

0 

41 

+ 

0 

0.047 

+ 

*5| 

0 

* 

0.038 

+ 

3 

0 

0.061 

+ 

0 

4 

■0.087 

+ 

15 

0 

0.076 

0 

15 

+ 

0 

0.039 

0 

0.031 

+ 

*4^ 

0 

0.045 

0 

5 

0 

6       ■ 

0.033 

+ 

*5 

0 

xO.055 

0 

5 

+ 

0 

0.055 

+ 

*6 

0 

0.099 

0 

51 

+ 

0 

f 

0.041 

+ 

0 

6 

0.059 

+ 

14^ 

0 

0.095 

+ 

17 

0 

0.085 

+ 

U 

0 

0.0785 

+ 

4 

0 

'\      0.044 

0 

+ 

0 

7       U      0.0675      '\ 

0 

*9i 

+ 

0 

• 

1      0.172 

+ 

22 

0 
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TABLE  V— Continued 

1 

INTERVAL  BE- 

EXPEHIMENT            MILUOBAM8 

TWEEN  INJEC- 

SALIVATION 

EME8IS 

EXPEBIMENT       j  PJ.JJ  miooa^ 

TION  AXD  LAST 

ONLT 

TIM£^R£PEATED 

KMXSa 

Minutea 

0.065 

+ 

0 

8 

0.0675 

+ 

5 

0 

0.180 

+ 

16 

0 

0.043 

+ 

4 

9 

0.056 

+ 

15 

4 

0.069 

•   + 

19 

many 

0.0385 

+ 

13 

many 

0.036 

+ 

0 

0.0577 

+ 

14 

0 

10 

0.0657 

+ 

15 

0 

0.100 

0 

15 

+ 

0 

0.087 

0 

*9 

0 

0.160 

0 

*22 

0 

• 

0.0525 

+ 

0 

11 

0.0557 

+ 

10 

0 

0.115 

0 

8 

0 

0.065 

0 

*6i 

0 

must  enter  the  circulation  rapidly  and  reach  the  center  in  high 
concentration. 

If  this  explanation  is  correct,  and  we  hold  it  as  such  for  want  of 
one  which  is  more  satisfactory,  it  certainly  lends  support  to  the 
belief  in  the  central  action  of  apomorphine,  for  it  seems  improb- 
able that  mucous  membranes  could  exhibit  such  phenomena. 
A  still  further  confirmation  of  this  explanation,  as  against  that 
of  general  depression,  is  the  fact  that  an  intramuscular  injection 
of  two  or  three  times  the  average  intramuscular  dose  will  also 
induce  emesis  after  the  refractory  state  has  developed. 

Having  now  completed  the  record  of  the  details  of  our  pre- 
liminary work,  we  may  here  summarize  our  observations  and 
see  what  bearing  they  have  upon  the  problem  of  the  seat  of  action 
of  Ipomorphine. 

If  the  drug  caused  vomiting  by  local  action  on  the  nerve  end- 
ings in  the  mucosa  of  the  gastro-intestinal  tract  it  should  require 
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a  smaller  dose  when  introduced  directly  into  the  stomach  than 
when  it  reached  this  organ  or  the  intestine  from  the  circulation. 
It  should  similarly  act  more  promptly  under  the  former  than 
under  the  latter  conditions.  That  neither  of  these  is  the  case 
is  shown  most  strikingly  by  a  comparison  of  our  results.  The 
average  effective  dose  by  vein  is  0.045  mg.  per  kilo  while  that  by 
stomach  is  5.7  mg.  per  kilo  or  somewhat  over  125  times  as  great. 
Absorption  from  muscular  tissue  is  known  to  be  very  nearly  as 
rapid,  and  the  effects  nearly  equal  to  those  seen  after  intraven- 
ous injection  in  the  case  of  many  drugs,  and  with  apomorphine 
we  have  found  the  average  effective  intramuscular  dose  to  be 
very  close  to  the  intravenous.  The  dose  by  stomach  tube  is 
95  times  as  great  as  the  intramuscular  and  in  this  mode  of  admin- 
istration we  can  compare  the  rapidity  of  action  after  adminis- 
tration. Emesis  follows  the  intramuscular  injection  in  four  and 
one-half  minutes  on  the  average  whereas  it  appears  only  after 
a  lapse  of  seven  minutes  following  administration  by  stomach, 
or  is  one  and  one-half  times  as  long  in  coming  on.  Further,  as 
we  mentioned  on  page  534  the  concentration  of  the  solution 
when  given  by  stomach  tube  effects  neither  the  size  of  the  dose 
required  not  the  rapidity  of  action.  If  the  action  were  a  local 
one  concentration  should  influence  both  of  these  factors,  for  if 
the  drug  acted  as  an  irritant  the  more  concentrated  the  solution 
the  more  rapid  the  action  and  the  smaller  the  amount  needed. 
On  the  other  hand  high  dilution  would  so  reduce  the  intensity 
of  the  irritation  as  to  delay  the  action  and  necessitate  a  larger 
dose.  Even  if  the  drug  acted  specifically  on  the  nerve  endings 
without  being  a  general  irritant  concentration  would  of  necessity 
influence  both  dose  and  rapidity  of  action.  For  a  highly  con- 
centrated solution  would  not  be  distributed  so  quickly  or  so 
thoroughly  over  the  mucous  surface  as  would  a  dilute  and  hence 
would  not  so  readily  reach  the  structures  upon  which  it  acted. 
The  decrease  in  size  of  the  dose  from  that  by  stomach  tube 
through  the  sub-cutaneous  and  intramuscular,  to  the  intraven- 
ous is  then  but  an  indication  of  the  degree  and  rate  of  absorption 
from  the  several  structures  concerned. 
The  uniformity  of  dose  by  a  given  channel  of  administration 
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certainly  suggests  very  strongly  that  the  action  is  upon  a  portion 
of  the  central  nervous  system,  for  we  know  of  no  other  structure 
which  might  be  concerned  in  the  production  of  vomiting  which 
reacts  in  such  a  constant  manner  to  a  chemical  influence.  The 
development  of  the  refractory  state,  as  we  have  seen,  points 
strongly  to  the  occurrence  of  central  action. 

All  of  these  observations  tend  to  support  strongly  the  view 
that  apomorphine  acts  directly  upon  the  center  and  stiU  more 
strongly  to  antagonize  any  idea  of  local  reflex  action.  But  these 
arguments  are  inconclusive  and  support  the  belief  in  the  central 
action  almost  exclusively  through  elimination  of  the  probability 
of  the  local.  In  spite  of  the  seeming  certainty  that  so  small  an 
amount  of  the  drug- as  0.045  mg.  per  kilo  when  given  by  vein 
could  not  cause  emesis  through  excretion  into  the  gastro-intesti- 
nal  tract  and  subsequent  local  action  when  it  required  125  times 
this  amount  to  produce  the  same  result  if  put  directly  into  the 
stomach,  it  has  not  yet  been  proved  conclusively  that  this  is 
not  the  case. 

Having  the  data  upon  which  to  construct  a  method  of  quanti- 
tative estimation  of  apomorphine  by  biological  means,  which  is 
ten  to  fifty  times  as  delicate  as  that  of  Reichert  we  proceeded 
to  employ  such  a  method  in  testing  the  vomitus  for  apomorphine. 
A  condensed  protocol  will  suffice  to  show  our  method  of  procedure. 

Protocol — (1)  Dog,  cf,  semi-dorsal  position.    Apomorphine  by  vein, 

Weight  11.25  kg. 
10:00  a.m.     100  cubic  centimeters.  HCl,  0.2  per  cent  by  stomach 
tube. 

,  I  Injected  apomorphine — 0.036  mg.  per  kilogram  =  0.405 

10:08  a.m.J      ""K- .t"*"!- 

10:09  Emesis.     Vomited  85cc.  fluid  which  was  collected. 

10:18  100  cc.  HCl  solution. 

■        *    '  !  Injected  apomorphine — 0.0577  mg.  per  kilogram  =  0.649 

10:27  a.m.J      "«•  '"'^ 

10:28  Vomited  5ce.  fluid,  collected. 

10:38  100  cc.  HCl  solution 


1:34 

p.m. 

1:39 

a.m. 

1:44 

p.m. 
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'  I  Injected   apomorphine^ — ^0.0657  mg.    per  kilogram    = 

10  46  I       ^"^^^  ^^'  *°*^^" 

10:48       ^       Vomited  165  cc.  collected. 

Total  amount  of  apomorphine  given  to  animal  =  1.793  mg. 

Total  amount  of  vomitus  collected  =  255  cc. 

Of  the  mixed  vomitus  225  cc.  (88.2  per  cent)  were  taken  and 
slowly  concentrated  at  a  low  temperature  on  a  water  bath  in  a 
current  of  air  and  just  neutralized  with  sodium  carbonate.  Made 
up  to  25  cc.  with  saline. 

(la)  Dog,  9 ,  weight  3.8  kg.  semi-dorsal  position.     Intravenous  injec- 
tion. 

Start  injection  of  known  solution  of  apomorphine. 

Emesis.  Apomorphine  injected  =  0.052  mg.  per  kilogram. 

Start  concentrated  vomitus   from  (1)  (88.2  per  cent  of 

the  whole  vomitus) 

1:49     p.m.     All  of  the  concentrated  vomitus  run   in  without  any 

symptoms  and  known  solution  of  apomorphine  has 

been  started  (1  cc.  contains  0.05  mg.  apomorphine). 

1 :51|  p.m.     Emesis.  Apomorphine  injected  =  0.055  mg.  per  kilogram. 

Had  there  been  as  little  apomorphine  in  the  total  vomitus  as 
0.05  mg.  it  would  have  amounted  to  0.013  mg.  per  kilo  for  dog 
(la)  and  this  would  have  reduced  even  the  larger  dose  of  0.055 
mg.  per  kilogram  to  0.042  mg.  per  kilogram  but  even  with  the 
total  vomitus  the  second  dose  was  slightly  higher  than  the  first 
This  quantity,  0.05  mg.,  is  only  one  thirty-fifth  of  the  total  amount 
given  to  dog.  1. 

(2)  Control:  To  25  cc.  of  the  first  vomitus  from  dog  (1)  we  added 
5.0  mg.  of  apomorphine  and  concentrated  it  to  9.5  cc.  under  the 
same  conditions  as  obtained  with  the  bulk  of  the  vomitus.  By 
intramuscular  injections  into  dogs  this  concentrated  solution  was 
found  to  have  lost  little  or  none  of  its  activity. 

Similar  results  were  obtained  in  a  second  experiment  of  this 
kind. 

A  third  experiment  was  carried  out  briefly  as  follows.     To  a 
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dog  weighing  12.6  kg.  we  gave  2.0  mg.  of  apomorphine  per  kg.  (25.2 
mg.  total)  intramuscularly  and  collected  the  vomitus  in  two  parts, 
one  the  first  vomitus,  the  other  all  the  rest.  These  were  strained 
and  concentrated  at  a  low  heat  as  in  the  preceding  experiments. 

One-half  of  the  total  of  the  first  vomitus  was  then  injected 
intramuscularly  into  a  dog  weighmg  6.5  kg.  without  causing  any 
symptoms  whatever.  The  emetic  dose  for  this  animal  by  intra- 
muscular injection  should  have  been  between  0.05  and  0.075  mg. 
per  kilogram,  or  about  0.4  mg.  total.  Hence  there  was  less  than 
0.8  mg.  in  the  whole  of  the  first  vomitus,  or  less  than  one-thirtieth 
of  the  total  injected  into  the  first  dog. 

One-half  of  the  remaining  vomitus  was  then  injected  intra- 
muscularly into  a  dog  weighing  4.3  kg.  without  any  resulting 
symptoms.  The  amount  which  should  be  effective  for  a  dog 
of  this  weight  is  under  0.3  mg.  total.  All  of  the  remaining  vomi- 
tus from  the  first  dog  therefore  contained  less  than  0.6  mg.  total, 
or  less  than  one-fortieth  of  the  amount  injected  into  the  original 
animal. 

From  these  three  experiments  it  is  obvious  that  apomorphine 
is  not  excreted  into  the  stomach  of  the  dog  in  any  considerable 
amount.  The  results  of  the  experiments  permit  of  but  one  deduc- 
tion, that  is;  that  apomorphine  is  not  excreted  into  the  dog's 
stomach  in  appreciable  quantities  in  an  unchanged  form. 

We  now  come  to  our  last  group  of  experiments,  in  which  we 
will  show  that  apomorphine  can  produce  emesis  quite  independ- 
ently of  the  existence  of  the  gastro-intestinal  tract. 

Since  emesis  means  hterally  the  expuslion  of  the  contents  of 
the  stomach  through  the  oesophagus,  it  is  obvious  that  no  true 
emesis  can  occur  in  the  absence  of  the  stomach,  but  since  the 
phenomena  observed  under  the  conditions  to  be  described  differ 
in  no  other  perceptible  way  than  in  that  of  the  expulsion  of  stom- 
ach contents  from  the  emesis  seen  in  the  perfectly  normal  animal, 
we  feel  that  we  are  justified  in  speaking  of  it  as  emesis  in  this 
connection.  The  phenomena  usually  result  in  the  expulsion  of 
mucus  from  the  mouth  and  oesophagus  precisely  as  in  normal 
vomiting  and  the  preceding  phenomena,  the  retching  with  the 
contractions  of  the  abdominal  muscles,  proceed  exactly  as  in  the 
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normal  animal,  so  that  we  can  say  unhesitatingly  that  no  one  who 
might  see  a  normal  dog  and  an  eviscerated  one  vomit  could  distin- 
guish the  normal  from  the  eviscerated  animal,  so  far  as  the  vomit- 
ing act  is  concerned. 

As  the  preceding  discussion  shows  there  is  no  simple  means 
of  proving  that  apomorphine  acts  on  the  vomiting  center.  We 
were  therefore  compelled  to  resort  to  the  procedure  to  be  detailed 
presently.  In  view  of  the  well  known  fact  that  it  is  extremely 
difficult  to  reduce  dogs  to  a  condition  of  profound  shock  by  injury 
to  the  intestines,  it  seemed  probable  that  if  a  dog  would  survive 
the  complete  removal  of  its  gastro-intestinal  tract,  such  an  evis- 
cerated animal  might  be  used  in  the  proof  of  the  central  action 
of  apomorphine. 

The  operation  is  as  follows.  Under  careful  light  chloroform 
anaesthesia,  with  the  animal  in  the  dorsal  position  on  an  ordi- 
nary board,  an  incision  is  made  in  the  median  line  extending 
nearly  the  entire  length  of  the  abdomen.  The  rectum  is  cut  as 
close  to  the  anus  as  possible,  between  two  ligatures.  A  small 
vessel  passes  to  the  lowest  part  of  the  large  intestine  and  this 
must  be  cut  between  ligatures.  The  large  intestine  can  then  be 
raised  and  the  non-vascular  peritoneal  fold  which  attaches  it  to 
the  posterior  abdominal  wall  can  be  cut,  freeing  both  large  and 
small  intestine  up  as  far  as  the  mesenteric  vessels  at  the  level  of 
the  kidneys.  These  vessels  can  be  tied  off  in  the  form  of  a  pedicle 
and  cut  between  two  ligatures,  either  at  this  time  or  as  the  last 
step  in  the  operation.  The  stomach  is  now  drawn  down  and 
two  ligatures  are  thrown  about  it,  the  upper  as  close  to  the  cardia 
as  is  possible.  Cut  between  these  two  ligatures  and  free  the 
stomach  and  spleen,  which  come  away  from  their  attachments 
together,  until  a  double  ligature  can  be  placed  about  the  gastric 
and  splenic  branches  of  the  coeliac  axis  and  these  cut  through. 
Should  there  now  be  any  remaining  vessels  which  have  either 
not  been  tied  or  which  have  been  tied  but  not  cut  they  should 
be  severed  and  the  entire  gastro-intestinal  tract  removed  in  -a 
mass.  The  operation  is  very  easy  and  can  be  done  in  a  very 
few  minutes  after  a  little  skill  is  acqmred  through  practice.  Our 
first  few  operations  caused  more  shock  to  the  dogs  than  was 
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seen  in  later  experiments.  In  fact,  in  the  later  experiments  there 
was  often  no  shock  of  any  severity  for  several  hours.  Chloroform 
was  used  to  avoid  the  production  of  an  excess  of  mucus  and  the 
tendency  toward  emesis  which  follow  ether.  It  also  requires 
much  less  chloroform  than  ether  and  the  recovery  is  far  more 
prompt.  It  is  important  that  the  narcosis  shall  not  be  too  deep 
when  the  abdomen  is  opened,  as  the  animal  tends  to  succumb 
in  this  event.  In  the  majority  of  cases  the  animals  recover  very 
well  from  the  operation  and  seem  but  slightly  depressed  for  an 
hour  or  more  but  subsequently  sink  into  a  state  of  deepening 
depression.  If  not  killed  they  die  in  a  few  hours  in  tetanic  con- 
vulsions.    We  give  the  protocol  of  such  an  experiment. 

Protocol — December  7,  1911.     Dog,  9,  on  back  on  board. 

9:49     Start  anesthesia,   chloroform. 

9:53     Begin  operation. 
10:04     Stop  anesthesia. 

10:05     End  operation.     Changed  animal  to  position  on  side. 
1 1 :45     Animal  has  been  nearly  conscious  and  seeminglj'  about  normal 

for  some  time. 
11:47     Intramuscular  injection  of  1.0  mg.  per  kg.  of  apomorphine. 
11:51     Emesis.     Repeated  once. 
12:00     Experiment  closed,  animal  killed  with  chloroform. 

In  experiments  6  and  7  in  table  VI  the  oesophagus  together  with 
the  pharynx  was  cocainized  as  well  as  possible  with  1  per  cent 
cocaine  solution  on  cotton  on  a  catheter  after  washing  out  the 
mucus  through  a  cannula  tied  into  the  gastric  end  of  the  eosoph 
agus.  Experiments  9  and  10  were  also  done  with  cocainiza- 
tion  of  the  washed  oesophagus.  We  washed  in  these  two  case 
with  a  solution  of  sodium  bicarbonate  to  remove  the  mucus 
more  thoroughly  and  used  cocaine  in  ^  per  cent  solution.  That 
the  cocaine  was  acting  on  the  oesophagus  was  evident  from  the 
disappearance  of  swallowing  movements  after  a  few  minutes. 

In  the  series  of  ten  completely  eviscerated  dogs  all  vomited 
under  the  influence  of  apomorphine  except  two.  In  these  two 
the  depression  as  a  result  of  the  operation  in  one  and  of  cocaine 
in  the  other  was  too  great  to  permit  of  vomiting.     The  employ- 
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meiit  of  cocaine  was  designed  to  exclude  the  possibility  of  apo- 
morphine  acting  upon  the  nerve  endings  in  the  oesophagus  and 
pharynx  though  the  probability  of  the  excretion  of  the  drug  into 
these  regions  is  very  slight.  This  absence  of  excretion  into  the 
oesophagus  is  supported  by  the  previous  experiments  in  which 
we  were  unable  to  find  any  of  the  drug  in  the  vomitus.  But,  as 
it  is  possible  for  excretion  to  occur  by  unusual  channels  when  it 
is  prevented  from  taking  place  by  its  customary  paths,  we  made 
the  effort  just  described  to  exclude  the  action  of  the  drug  should 
it  be  so  excreted. 

TABLE  VI 
Apomorphine  to  Eviscerated  Dogs,  Intramuscularly 


EX- 
PERI- 
MENT 


DURATION 

DURATION 

ANESTHESIA 

DPEBATIGN 

Minutes 

Minutes 

12 

12 

17 

17 

19 

16 

10 

20 

INTERVAL 

AFTER 
OPERATION 


DOSE 

MILLIGRAMS 

PER 

KILOGRAM 


Minutes 

43 

129 

42 

26 

254 


5 

15 

12 

102 

6 

5 

14 

72 

7 

5 

13 

57 

8 

10+ 

18 

21 

9 

*13 

11 

55 

10 


t9 


62 


0.1 

0.1 

0.15 

0.13 

0.13 

0.1 

0.1 

0.1 

0.1 

0.1 

0.4 


*  EMESIS 

INTER- 
VAL 

Minutes 

+ 

2 

0 

+ 

2 

+ 

2§ 

+ 

3|  1 

+ 

4 

+ 

3^ 

+ 

3 

+ 

7    1 

0 

; 

<  + 

I 

21 

Depressed 


Same  dog! 

Oesophagus  cocainized 
Oesophagus  cocainized 

Depressed.  Oesophagus 

cocainized 
Oesophagus  cocainized 


*  It  was  thought  before  the  apomorphine  was  injected  that  this  animal  would 
not  vomit  on  account  of  marked  depression  and  almost  total  general  anaesthesia 
as  a  result  of  cocaine  poisoning.  Though  we  u^ed  only  a  one  half  per  cent  solu- 
tion of  cocaine  in  this  and  the  next  experiment  we  used  a  much  larger  quantity 
of  it  in  order  to  be  more  certain  of  effects. 

t  The  large  dose  of  apomorphine  used  in  this  experiment  was  given  to  overcome 
the  beginning  depression  arising  from  the  cocaine. 

Further  evidence  that  the  drug  does  not  act  reflexly  from  the 
oesophagus  was  furnished  by  the  following  experiment. 

December  16,  1911.     11:23a.m.     Dog,  9,  eviscerated. 

Had  sufficiently  recovered  to  permit  of  emesis  sometime 
prior  to  noon.  A  cannula  had  been  tied  into  the  gastric 
end  of  the  oesophagus. 
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12:05  Apomorphine,  6.0  mg.  per  kilogram  in  30.0  cc.  fluid  was 

introduced  into  the  oesophagus  through  the  cannula 
and  allowed  to  remain. 

1 :05  No  symptoms  have  been  produced  by  the  apomorphine 

and  animal  is  still  about  normal. 

1:11  Upper  end  of  oesophagus  tied  and  animal  killed  with 

chloroform.  Oesophagus  removed  entire  with  contents. 
Fluid  carefully  collected  and  mucosa  washed  with  nor- 
mal salt  solution.  Total  brought  up  to  60.0  cc.  Strained 
to  remove  a  small  amount  of  mucus  which  was  present 
(about  5.0  cc).  After  straining  the  mucus  was  washed 
^\^th  alcohol  and  the  total  fluid  made  up  with  saline  to 
100.0  cc.  If  there  had  been  no  apomorphine  absorbed 
1.0  cc.  of  this  would  then  contain  0.5  mg.  of  the  drug. 

This  was  then  tested  for  its  apomorphine  content  as  follows: 

(1)  Dog,   cf ,  weight  4.6  kg. 

1:49    p.m.     Injected  intramuscularly  0.15  cc.  of  recovered  fluid  per 

kg. 
1 :54    p.m.     Emesis. 

Fluid  injected   theoretically  contained   0.075  mg.  apo- 
morphine per  kilogram  of  dog  weight. 

(2)  Dog,   rf,  weight  6.4  kg. 

2:04    p.m.     Injected  0.125  cc.  per  kilogram  of  recovered  fluid  intra- 
muscularly. • 
2:10    p.m.     Emesis. 

Theoretical  content  of  fluid  injected  =  0.62  mg.  apomor- 
phine per  kilogram  of  weight. 

(3)  Dog,   cf ,  weight  4.4  kg. 

1:55  p.m.     Injected  0.1  cc.  per  kg.  of  recovered  fluid,  intramuscu- 
larly. 
1 :57    p.m.     Slight  salivation. 

No  emesis  developed. 

Theroetical  apomorphine  content  of  fluid  injected  =  0 .05 
mg.  per  kilogram  of  weight. 

It  was  obvious  from  the  lack  of  vomiting  as  a  result  of  the 
presence  of  the  apomorphine  in  the  oesophagus  for  one  hour  that 
it  caused  no   reflex  stimulation  of  the  vomiting  center.      The 
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second  part  of  the  experiment  shows  the  lack  of  absorption  from 
the  oesophagus  after  so  long  a  time,  for  the  fluid  recovered  re- 
mained undiminished  in  strength  as  shown  by  the  tests  on  dogs 
in  which  vomiting  was  produced  by  an  amount  of  the  fluid  con- 
taining theoretically  the  average  intramuscular  dose  of  apo- 
morphine  per  kg.  of  dog  weight. 

After  we  had  undertaken  to  determine  the  possible  partici- 
pation of  the  oesophagus  in  the  emetic  action  of  apomorphine 
our  attention  was  directed  to  the  paper  by  Valenti^*^  in  which 
he  describes  the  effects  of  cocainization  of  the  pharynx  and  oesoph- 
agus of  dogs  with  a  6  per  cent  solution  of  cocaine.  This  proced- 
ure prevented  the  expulsion  of  the  stomach  contents  although 
there, '  'Was  a  forcible  endeavor  to  vomit."  He  has  shown,  then, 
that  in  the  intact  animal  apomorphine  is  quite  capable  of  induc- 
ing the  movements  typical  of  the  vomiting  act  after  reflexes 
from  the  oesophagus  and  pharynx  have  been  excluded.  This 
confirms  the  results  which  we  obtained  in  those  evisceration 
experiments  in  which  cocaine  was  used.  Valenti's  own  conclu- 
sions relate  solely  to  the  question  of  the  reflex  inhibition  of  the 
muscular  tone  of  the  cardiac  end  of  the  stomach. 

As  a  result  of  the  second  portion  of  our  experimental  work  we 
have  shown  that  apomorphine  is  not  excreted  in  any  consider- 
able amount  into  the  stomach  in  a  free  and  unchanged  condition. 
That  apomorphine  is  ♦effective  in  the  production  of  vomiting 
after  complete  removal  of  the  entire  gastro-intestinal  tract  from 
the  cardiac  end  of  the  oesophagus  to  the  anus,  and  hence  can 
cause  its  effect  by  action  elsewhere  than  upon  a  portion  of  this 
structure.  That  it  does  not  act  upon  the  oesophagus  in  evis- 
cerated dogs  for  it  is  effective  after  cocainization  of  this  region 
and  the  pharynx,  and  that  it  neither  acts  locally  upon  the  oesoph- 
agus when  brought  directly  in  to  contact  with  its  mucosa  nor  is 
it  absorbed  through  the  oesophageal  mucous  membrane. 

We  may  now  present  the  evidence  brought  forth  as  the  result 
of  our  work  in  the  following 

3«  Arch.  f.  exp.  Path.  G.  Pharin.,  1910,  Ixiii,  118. 
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SUMMARY 

1.  Apomorphine  acts  in  the  smallest  dose  by  intravenous  injec- 
tion, next  when  given  intramuscularly,  then  sub-cutaneously, 
and  the  largest  dose  is  required  by  stomach?  This  is  to  be  taken 
as  an  indication  that  the  drug  acts  only  after  its  entrance  into 
the   circulation. 

2.  Vomiting  occurs  much  more  rapidly  after  intramuscular 
injection  than  when  the  drug  is  introduced  directly  into  the 
stomach  which  is  not  in  accordance  with  local  action,  but  which 
rather  implies  a  slower  rate  of  absorption  from  the  stomach  than 
from  the  muscles. 

3.  Dilution  within  reasonable  limits  does  not  influence  the 
size  of  the  effective  dose  by  stomach  as  would  probably  be  the 
case  if  the  action  were  a  local  one. 

4.  The  uniformity  of  the  dose  bj^  a  given  channel  of  intro- 
duction suggests  that  the  action  is  upon  a  highly  specialized 
structure  such  as  a  portion  of  the  central  nervous  system. 

5.  The  development  of  a  ''refractory  state"  by  a  slight  excess 
during  intravenous  administration  is  not  easily  explained  except 
upon  the  basis  of  direct  central  action. 

6.  The  absence  of  the  drug  in  a  free  state  and  unchanged  in 
the  vomitus  is  against  the  occurrence  of  a  reflex  action  after 
excretion. 

7.  The  removal  of  the  gastro-intestinal  tract  does  not  prevent 
the  production  of  emesis  by  apomorphine,  hence  the  drug  must 
act  elsewhere  than  upon  this  structure. 

8.  After  the  removal  of  the  gastro-intestinal  tract  and  cocaini- 
zation  of  the  oesophagus  and  pharynx  apomorphine  still  causes 
typical  vomiting  movements.  This  is  strong  evidence  that  the 
drug  does  not  act  after  vicarious  excretion  into  the  oesophagus. 

9.  The  absence  of  emesis  and  of  absorption  from  the  oesopha- 
gus of  eviscerated  animals  when  apomorphine  is  allowed  to  remain 
in  this  structure  for  an  hour  would  seem  to  exclude  the  occur- 
rence of  local  action. 

10.  Absence  of  any  evidence  in  favor  of  local  action. 
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Upon  the  evidence  to  be  obtained  from  the  literature  and  that 
which  we  have  presented  from  our  own  experimental  observa- 
tions we  would  draw  the  following 

CONCLUSIONS 

1.  That  the  evidence  in  favor  of  the  existence  of  a  central 
controlling  mechanism  for  the  act  of  vomiting  is  overwhelming. 

2.  That  all  of  the  evidence  favors  the  view  that  apomorphine 
acts  directly  upon  such  central  mechanism. 

3.  That  there  is  no  valid  evidence  in  favor  of  the  local  reflex 
action  of  apomorphine. 

4.  That  apomorphine  acts  solely  by  direct  stimulation  of  the 
central  vomiting  mechanism  in  the  dog  and  probably  also  in  man. 
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Further  work  on  the  convulsant  action  of  acid  f  uchsin  and  other 
dyes  has,  by  the  natural  extension  of  research,  brought  me  into 
immediate  contact  with  the  interesting  observations  of  S.  J. 
Meltzer  and  his  pupils  in  regard  to  the  distribution  and  the  anoma- 
lous toxicity  for  cardiectomized  frogs  of  acid  f  uchsin,  morphine  and 
other  drugs.     In  commenting  on  his  work  Meltzer^  says: 

My  experiments  demonstrate  that  in  the  absence  of  the  central  cir- 
culation substances  may  be  distributed  through  the  body  by  a  mechan- 
ism which  in  some  instances  may  act  even  more  promptly  than  the  car- 
diac mechanism.  In  contradistinction  to  the  central  apparatus  we  may 
designate  the  distributory  agent  in  question  as  the  peripheral  mechan- 
ism. The  path  of  distribution  emploj^ed  by  this  mechanism  can  be  noth- 
ing else  than  the  tissue  spaces. 

It  is  made  perfectly  clear  by  Meltzer  that  he  does  not  call 
upon  the  lymph  hearts,  or  any  other  mechanical  factors  to  fur- 
nish the  driving  force  for  this  distribution  for  he  states  explicitly 
that  drugs  may  be  "efficiently,"  "fairly  rapidly"  and  "satisfac- 
torily distributed"  throughout  the  entire  body  of  frogs^  whose 
cardio- vascular  apparatus  including  lymphatics  and  lymph  hearts 

1  Proceedings  Royal  Society,  B,  Ixxxiv,  p.  100, 1911. 

*  "Strychnine  and  adrenalin  when  injected  into  cardiectomized  frogs  axe  eflS- 
ciently  distributed  all  over  the  animal  body  and  when  administered  in  suflBcient 
quantities  produce  the  usual  reactions  of  these  alkaloids."  Cited  from  S.  J. 
Meltzer:  The  distribution  of  solutions  in  cardiectomized  frogs.  Journ.  of  Exp. 
Med.,  xiii,  p.  557,  1911. 
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has  been  completely  eliminated."^  It  is  stated  that  "gravity 
does  not  play  an  essential  part  in  this  distribution,"  also  that 
"  neither  ciliary  or  other  cell  activities  have  anything  to  do  with 
the  migration  of  the  solutions,  since  the  distribution  is  efficiently 
accomplished  also  in  animals  dead  and  refrigerated  for  forty-eight 
hours"  and  that  "the  forces  which  are  concerned  in  the  distribu- 
tion are  probably  diffusion  and  osmosis  and  perhaps  also  imbibi- 
tion, capillarity,  surface  tension  or  even  chemotaxis."^ 

Some  rather  novel  and  striking  effects  are  attributed  to  drugs 
when  administered  to  cardiectomized  frogs.  Thus,  it  was  found 
that  "the  effects  of  morphine  are  much  greater  and  incomparably 
more  rapid  than  when  administered  to  normal  frogs.' '^  So  too  it  was 
thought  by  Joseph  and  Meltzer  that  acid  fuchsin,  which  "is  effi- 
ciently distributed  through  the  peripheral  lymph  space  mechanism/' 
more  easily  produces  convulsions  in  cardiectomized  than  in  intact 
frogs,  in  short  "affects  the  central  nervous  system  much  more 
strongly  than  when  it  is  brought  there  by  the  normal  circulation.  "^ 
To  illustrate,  these  authors  have  found  that  while  in  normal  frogs 
doses  of  acid  fuchsin  varying  from  1  to  4  mg.  per  gram  of  body 
weight  are  required  to  produce  convulsions,  in  cardiectomized 
frogs  so  small  a  quantity  as  1/40  jng.  per  gram  will  produce  the 
same  effect  with  certainty;  also,  while  in  the  case  of  intact  frogs 
the  large  dose  (1  to  4  mg.  per  gram)  of  acid  fuchsin  requires  from 
one  to  twenty  hours  for  the  development  of  the  convulsions,  in 
the  case  of  the  cardiectomized  frogs  the  minute  dose  of  1/40  mg. 
per  gram  of  frog  brings  on  convulsions  after  an  average  interval  of 
sixteen  minutes. 

In  explanation  of  the  fact  that  morphine  and  acid  fuchsin  act 
more  powerfully  and  more  rapidly  upon  the  central  nervous  sys- 
tem of  cardiectomized  than  of  normal  frogs,  the  following  state- 
ments are  made:  "In  the  case  of  morphine  we  may  assume  that 
the  circulating  blood  contains  a  secretion  from  one  organ  or  from 

*  Loc.  cit.,  p.  548. 

*  Loc.  cit.,  p.  552. 

*  Loc.  cit.,  p.  557.     Italics  as  in  the  original. 

''Joseph  and  Meltzer:  On  the  convulsant  action  of  acid  fuchsin    upon   frogs 
deprived  of  their  cardiac  circulation      This  Journal,  iii.  u  201    IQIL 
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several  organs  which  is  capable  of  modifying  its  actions  upon  the 
central  nervous  system.  In  the  absence  of  the  circulation  the 
organs  in  question  stop  their  secretion  and  the  morphine  is  per- 
mitted to  display  its  specific  action  without  interference . "  ^  "  The 
blood  receives  from  various  organs  of  the  body  a  variety  of  secre- 
tions, some  of  which,  we  know,  are  capable  of  neutralizing  vari- 
ous toxins  and  poisons.  It  is  therefore  possible  that  it  is  some 
such  substance  in  the  blood  which  keeps  down  the  toxicity  of  acid 
fuchsin  in  the  normal  animal.  After  elimination  of  the  circula- 
tion and  with  it  the  neutralizing  activity  of  the  hypothetical 
substance,  the  acid  fuchsin  gets  a  chance  to  develop  its  toxicity." « 
This  hypothesis  is  then  tested  by  experiments  which  apparently 
fully  substantiate  it. 

To  sum  up  briefly,  Meltzer  reaches  the  following  conclusions: 
(1)  "Animals  possess  a  mechanism  which  is  capable  of  distribut- 
ing soluble  substances  through  the  entire  body  in  the  complete 
absence  of  the  circulation .  (2)  Some  substances  when  distributed 
by  this  mechanism  act  even  more  rapidly  and  efficiently  than  when 
distributed  by  the  cardio- vascular  mechanism."^  (3)  The  blood 
receives  from  various  organs  antitoxic  substances  which  interfere 
with  or  greatly  modify  the  specific  action  of  such  drugs  as  mor- 
phine or  acid  fuchsin.  In  cardiectomized  frogs  these  neutralizing 
or  detoxifying  substances  fail  to  interact  with  or  reach  the  in- 
jected substances  which  are  therefore  capable  of  acting  "much 
more  strongly"  upon  certain  organs  than  when  brought  to  them 
by  the  ."normal  circulation." 

The  statement  of  Meltzer  and  of  Joseph  and  Meltzer  that  acid 
fuchsin,  strychnine  and  morphine  are  highly  toxic  for  cardiectomized 
frogs  when  their  solutions  are  injected  into  a  subcutaneous  truncal 
lymph  sac,  is  easily  substantiated  and  has  been  found  to  be  entirely 
correct.  Experiments  have,  however,  been  made  by  me  which 
show  that  it  is  possible  to  give  a  different  explanation  for  this  fact 
from  that  offered  by  Meltzer.     My  experiments  also  suggest  a 

"<  S.  .1.  Meltzer:  Journ.  Exp.  Med.,  xiii,  p.  552,  1911. 
*  Joseph  and  Meltzer:  This  Journal,  iii,  p.  203,  1911. 
'  Journ.  Exp.  Med.,  xiii.  j).  552,  1911. 
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restatement  of  the  facts  in  regard  to  the  distribution  of  drugs  in 
the  body  of  the  cardiectomized  frog  and  in  regard  to  the  agencies 
which  effect  this  distribution. 

DIFFERENCES     IN    DISTRIBUTION     OF    DRUGS    IN     CARDIECTOMIZED 
AND   IN   NORMAL   FROGS 

Statement.  When  a  solution  of  a  drug  is  injected  into  one  of 
the  subcutaneous  truncal  lymph  sacs  of  a  cardiectomized  frog, 
the  solution,  or  its  solute,  reaches  the  subdural  lymph  space  with 
relatively  little  loss  to  other  parts  of  the  body,  and  hence  the  drug 
is  offered  to  the  brain  and  spinal  cord  in  relatively  large  amount, 
and  these  organs  are  therefore  in  a  position  to  take  up  the  drug 
freely  by  imbibition  into  their  tissue  spaces.  On  account  of  the 
elimination  of  the  cardiac  circulation,  the  drug  is  retained  as  it 
can  not  be  carried  away  to  other  parts  of  the  body  that  have  a 
greater  avidity  for  it.  In  contradistinction  to  this,  a  solution  of 
the  drug  of  equal  or  even  of  much  greater  strength  which  is  in- 
jected into  a  frog  with  intact  cardiac  circulation,  is  so  thoroughly 
distributed  throughout  the  entire  body  of  the  animal  and  so 
largely  bound  to  other  tissues  which  have  a  greater  avidity  for  it, 
that  not  enough  is  left  at  the  disposal  of  the  brain  and  cord  to 
affect  these  organs  physiologically.  With  drugs  such  as  morphine 
and  acid  fuchsin  the  increased  susceptibility  of  the  central  nervous 
system  to  their  action  which  results  from  the  absence  of  the  cir- 
culation is  also  a  factor  (though  one  which  has  no  relation  to  the 
pecularities  of  distribution  after  cardiectomy)  in  lowering  the  dose 
required  to  produce  convulsions. 

By  way  of  illustration  we  may  take  a  concrete  case  in  which 
acid  fuchsin  was  used  Two  frogs  of  approximately  the  same 
weight  are  selected  (see  protocols  in  the  following  section),  the 
one  (A)  is  cardiectomized,  the  other  (B)  is  left  intact.  Frog  A 
receives  1  or  2  mgs.  of  acid  fuchsin  (1  per  cent  solution  in  0.65  per 
cent  NaCl  solution  as  used  by  Meltzer  and  Joseph)  injected  into 
the  dorsal  lymph  sac.  In  twenty  minutes  or  less  extensor  convul- 
sions have  developed.  Frog  B  receives  ten  times  the  above  quan- 
tity, that  is  5  or  10  mgs.  of  the  drug  either  in  the  form  of  a  1  per 
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cent  solution  as  before,  or  in  the  form  of  a  more  concentrated  solu- 
tion in  order  that  too  large  a  bulk  of  fluid  may  not  be  injected. 
No  symptoms  of  any  kind  appear  in  this  frog. 

The  reason  for  the  high  toxicity  of  the  drug  in  the  case  of  fro& 
A  becomes  evident  at  once  when  the  brain  and  cord  of  both  frogs 
are  submitted  to  a  simple  chemical  analysis.  These  organs  are 
removed  at  a  given  time,  say  as  soon  as  convulsions  have  made 
their  appearance  in  frog  A.  At  this  time,  which  in  the  case  of 
cardiectomized  frogs  is  usually  less  than  half  an  hour  after  the 
injections  have  been  made,  the  loss  of  acid  fuchsin  from  the  nor- 
mal frog  B  byway  of  the  kidneys  is  not  yet  of  material  importance. 
When  a  small  quantity  of  hydrochloric  acid  (10  per  cent  HCl 
in  40  per  cent  alcohol)  is  applied  to  the  crushed  brain  and  spinal 
cord  of  the  cardiectomized  frog  it  will  he  seen  that  these  tissues  soon 
turn  pink  or  even  deep  red,  while  the  brain  and  cord  of  frog  B  when 
similarly  treated  show  no  trace  of  color.  The  central  nerv^ous 
system  of  this  frog  has  not  absorbed  enough  of  the  acid  fuchsin 
to  be  detected  on  the  addition  of  acid,  a  very  delicate  test,  and  it 
is  therefore  evident  why  this  animal  does  not  have  convulsions, 
even  though  it  received  five  times  as  much  of  the  dye  as  was  given 
to  the  cardiectomized  frog. 

Further  examination  of  the  various  tissues  of  both  frogs  by 
means  of  hydrochloric  acid  brings  out  the  following  facts.  In 
the  cardiectomized  frog  the  acid  fuchsin  is  found,  aside  from  the 
brain  and  spinal  cord,  in  the  fasciae  and  muscles  of  the  back, 
in  the  intervertebral  cartilages,  in  the  mucous  membranes  of  the 
mouth,  in  the  structures  of  the  head  and  in  the  skin  of  the  back. 
The  tissues  at  the  point  of  injection  stain  most  deeply.  Onh^  a 
minute  amount  of  the  dye  stuff  is  carried  down  into  the  lymph 
sacs  of  the  legs  and  this  is  absorbed  by  the  inner  surface  of  the  skin 
and  the  fasciae  that  cover  the  joints  and  muscles,  even  as  far  down 
as  the  toes  (see  fig.  1 ) .  The  interior  of  the  muscles  of  the  four  limbs 
is  entirely  devoid  of  the  fuchsin.  The  violent  extensor  convul- 
sions appear  to  play  a  part  in  driving  the  fuchsin  solution  down  as 
far  as  the  toes,  for  it  was  found  in  control  experiments  with  frogs 
cardiectomized  the  day  before  and  kept  on  ice  wrapped  in  moist 
paper,  that  in  this  case  the  drug  was  carried  down  as  far  as  the 
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knees  only  in  the  same  length  of  time.  The  connective  tissue  of 
the  fore  limbs  usually  contains  none  of  the  dye,  the  stomach, 
intestines  and  other  internal  organs  are  likewise  entirely  devoid 
fii  it.  It  is  therefore  evident  that  the  limited  distribution  of  the 
acid  fuchsin  in  the  body  of  the  cardiectomized  frog  makes  it 
possible  for  the  brain  and  spinal  cord  to  receive  enough  of  the  dye 
stuff  to  bring  on  convulsions  even  when  so  small  a  dose  as  1/40 
mg.  per  gram  of  body  weight  is  injected. 

When  the  cardiac  circulation  is  intact  it  requires  a  dose  of  acid 
fuchsin  which  is  from  ten  to  fourteen  times  larger  {^  to  7/20  mg. 
per  gram  of  body  weight)  than  this  minimal  dose  of  1/40  mg. 
before  the  brain  and  cord  will  absorb  enough  of  the  drug  to  show 
a  pale  pink  color  on  the  addition  of  hydrochloric  acid. 

An  examination  of  the  tissues  of  frog  B,  the  frog  with  intact 
cardiac  circulation,  made  with  the  help  of  hydrochloric  acid  as 
before,  shows  that  here  the  acid  fuchsin  is  distributed,  though  not 
uniformly,^"  throughout  the  entire  body  of  the  animal,  with  the 
exception  of  the  brain  and  cord  as  already  stated,  these  organs 
not  containing  enough  to  be  detected  by  the  method  employed. 
The  fasciae,  cartilages,  muscles,  internal  organs  as  the  stomach 
and  intestines,  the  skin  and  other  tissues  that  have  a  marked 
affinity  for  the  dye,  all  stain  a  deep  red  when  moistened  with  hydro- 
chloric acid.  It  is  apparent  that  when  a  given  dose  of  the  drug, 
say  5  to  10  mgs.,  is  injected  into  a  normal  frog  of  average  weight, 
say  40  grams,  the  tissues  that  have  a  greater  binding  power  for  the 
dye  will  receive  the  greater  quantity  and  the  brain  and  cord  under 
these  conditions  will  not  receive  enough  to  be  detected  by  the  usual 
reagents.  A  most  striking  instance  of  difference  in  binding  power 
of  two  tissues  is  seen  when  the  intervertebral  cartilages  and  the 
connective  tissue  immediately  surrounding  the  points  of  exit  of 
spinal  nerves  are  compared  with  the  brain  and  spinal  cord  in 


^^  We  have  here  another  example  of  the  lack  of  uniformity  in  the  distribution  of 
soluble  substances  in  the  tissues  of  normal  animals,  a  phenomenon  which  is 
observed  after  intravenous  injections,  as  after  other  methods  of  administration. 
I  need  only  cite  such  well  known  instances  of  unequal  distribution  as  are  seen  when 
fluorescein  (Ehrlich,  Nicati,  Hamburger  and  others),  salicylic  acid  (Jacoby  and 
Bondi)  or  chloroform  (Schmiedeberg)  are  administered. 
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respect  to  their  content  of  acid  fuchsin,  as  in  the  experiment 
just  cited.  The  intervertebral  cartilages  and  the  tissues  sur- 
rounding the  points  of  exit  of  the  spinal  nerves  take  on  a  deep 
fuchsin  red  color  on  the  addition  of  hydrochloric  acid  while  the 
crushed  central  nervous  tissue  shows  no  trace  of  color. 

It  will  be  seen  from  the  above  and  also  from  the  protocols  that 
follow  that  the  distribution  of  a  drug  in  cardiectomized  frogs  is 
limited  to  certain  structures  and  regions  of  the  body,  being  deter- 
mined by  the  location  and  connections  of  the  lymph  sac  into 
which  the  solution  is  injected,  by  the  state  of  the  lymph  hearts, 
by  the  tension  of  the  lymph  sacs  and  by  other  factors  such  as  the 
relative  avidity  of  various  tissues  for  the  drug. 

It  is  instructive  to  compare  the  tissues  of  several  cardiecto- 
mized frogs  that  have  each  received  the  same  quantity  of  acid 
fuchsin  (1/20  mg.  to  1,/15  mg.  per  gram  of  body  weight)  the  first 
frog  (fig.  1)  having  received  the  solution  into  the  lower  part  of  the 
cranio-dorsal  lymph  sac,  the  second  (fig.  2)  into  the  middle  of 
the  left  crural  sac,  and  the  third  (fig.  3)  into  the  upper  part  of 
the  subvertebral  sinus.  In  the  accompanying  figures  it  was 
attempted  to  depict  the  distribution  of  the  dye  stuff  in  the  sub- 
cutaneous lymph  sacs  only.  One  hour  after  the  injection  the 
entire  skin  was  stripped  off  and  the  body  of  each  frog  was  im- 
mersed in  a  2^  per  cent  solution  of  hydrochloric  acid,  imme- 
diately withdrawn,  placed  on  filter  paper  and  sketched. 

Frogs  1  and  3  had  convulsions  very  soon  after  the  injection 
and  in  both  animals  the  brain  and  spinal  cord  had  taken  up 
enough  of  the  fuchsin  to  give  a  pink  color  on  the  addition  of 
hydrochloric  acid.  The  brain  and  spinal  cord  of  frog  2  gave  no 
indication  of  the  presence  of  the  drug  and  no  s>Tnptom  of  any 
kind  were  noted  in  this  case. 

It  will  be  seen  that  the  most  deeply  colored  tissues  in  figs.  1 
and  2  are  found  at  or  near  the  site  of  the  injection.  The  interior 
of  the  gastrocnemius  and  of  the  other  large  muscles  of  the  left 
leg  of  frog  2  is  entirely  devoid  of  pigment;  in  the  course  of  an 
hour  the  fuchsin  is  able  to  diffuse  a  short  distance  only. 

In  fig.  3  the  area  of  most  intense  color  is  the  floor  of  the  sub- 
maxillar}^ lymph  sac,  but-  it  must  be  noted  that  the  solution 
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was  not  injected  at  this  point  but  into  the  deeply  situated  sub- 
vertebral  sinus.  The  solution  reaches  the  surface  in  the  sub- 
maxillary lymph  sac  and  in  the  anterior  part  of  the  cranio-dorsal 
sac,  a  fact  which  could  not  be  shown  in  the  drawing. 

ACID    FUCHSIN    ONLY    APPARENTLY    MORE    TOXIC    FOR 
CARDIECTOMIZED    FROGS 

From  what  has  been  said  above  it  must  be  evident  that  acid 
fuchsin  is  only  apparently  more  toxic  for  cardiectomized  than  for 
normal  frogs. ^^  In  the  experiments  of  Joseph  and  Meltzer  the 
brain  and  spinal  cord  of  cardiectomized  frogs  receive  a  large 
enough  fraction  of  the  small  dose  which  is  injected  to  impart  a 
pink  color  to  the  brain  and  cord  when  these  organs  are  treated  with 
hydrochloric  acid,  while  a  large  part  of  the  tissues  and  muscles 
contain  practically  none  of  the  dye.  The  ''peripheral  mechan- 
ism" is  not  capable,  therefore,  ''of  distributing  soluble  substances 
through  the  entire  body  in  the  absence  of  the  circulation"  as  was 
supposed  to  be  the  case  by  Meltzer.  In  the  intact  frog,  on  the 
other  hand,  the  dye  stuff  is  distributed  throughout  the  entire 
body  of  the  animal  and  various  structures  such  as  tendons,  fas- 
ciae, muscle  tissue,  cartilage,  etc.,  which  have  a  greater  affinity 
for  the  drug  than  the  central  nervous  system  are  enabled  to  com- 
pete with  the  latter,  and  when  the  quantity  of  the  dye  is  insuffi- 
cient to  saturate  all  of  these  structures  the  brain  and  cord  will  not 
be  able  to  secure  the  quantity  that  is  needed  to  produce  convul- 
sions. 

It  must  he  emphasized  in  this  connection  that  convulsions  never 
occur  after  acid  fuchsin  unless  the  spinal  cord  {and  brain)  has 
absorbed  enough  of  this  substance  to  give  a  definite  and  unmistakable 
pink  color  on  the  addition  of  an  acid  to  the  crushed  tissue.     The 

11  This  sentence  may  require  a  slight  modification  when  the  reasons  for  the  long 
latent  period  that  precedes  the  convulsions  when  acid  fuchsin  in  doses  of  1  mg.  and 
over  per  gram  of  body  weight  is  administered  to  normal  frogs,  are  better  under- 
stood. But  it  remains  to  be  seen  whether  in  this  case  the  spinal  cord  and  brain 
actually  contain  more  of  the  dye  at  the  time  of  the  appearance  of  the  convulsions, 
than  is  contained  in  these  organs  in  the  case  of  the  cardiectomized  or  decerebrate 
frogs  (Barbour  and  Abel). 
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tissues  of  the  central  nervous  system  have  the  same  power  as  the 
muscles  to  neutralize  acid  fuchsin,  that  is,  to  turn  it  into  a  color- 
less salt  and  when  only  small  or  moderate  quantities  of  this  dye 
are  used  as  in  the  experiments  cited  in  this  paper,  the  crushed 
brain  and  cord  will  give  no  evidence  of  its  presence  until  an 
acid  is  applied. 

In  view  of  the  fact  that  the  brain  and  spinal  cord  of  the  cardiec- 
tomized  frogs  of  Joseph  and  Meltzer  which  received  from  1/20 
to  1/40  mg.  of  acid  fuchsin  per  gram  of  body  weight  were  stained 
pink  on  the  addition  of  acid,  it  will  be  more  in  accord  with  the 
principles  of  pharmacology  to  conclude  that  these  frogs  had  con- 
vulsions because  their  central  nervous  system  had  absorbed  a 
sufficient  dose  of  the  drug,  than  to  invoke  a  special  ''neutralizing" 
substance^^  which  ordinarily  circulates  in  the  blood  and  whose 
absence  in  the  cardiectomized  frog  enables  the  acid  fuchsin  to 
set  up  convulsions.  We  are  deahng  here  with  a  substance  which 
has  the  properties  of  an  acid  and  for  its  neutralization  we  need 
to  invoke  only  the  well  known  power  of  animal  tissues  to  furnish 
hydroxyl  ions.  When  the  circulation  is  intact,  the  law  of  mass 
action  and  the  relative  affinities  of  the  various  tissues  for  the  dye 
will  determine  how  much  each  organ  will  finally  obtain.  With 
this  goes  hand  in  hand  a  constant  though  slow  loss  of  the  sub- 
stance by  excretion  from  the  kidneys.  It  appears  to  me  therefore 
that  the  results  of  Joseph  and  Meltzer  are  best  explained  on  the 
basis  of  the  color  tests  which  I  have  made,  all  of  which  show  that 
the  spinal  cord  and  brain  both  of  the  cardiectomized  and  of  the  decere- 
brate frog  must  always  contain  a  certain  minimum  amount  of  acid 
fuchsin  before  convulsions  appear.  The  cardiectomy  may  precede 
or  succeed  the  administration  of  the  fuchsin,  just  as  the  removal 
of  the  anterior  third  of  the  brain  may  precede  or  succeed  the  ad- 
ministration, but  in  neither  case  will  convulsions  occm-  unless  the 

'''  It  has  just  been  pointed  out  that  acid  fuchsin,  in  doses  that  suffice  to  cause 
convulsions,  is  in  fact  present  in  the  brain  and  spinal  cord  in  the  neulralized  state 
(neutral  colorless  salt)  and  only  when  a  very  much  greater  excess  of  the  drug 
than  is  needed  to  produce  convulsions  is  administered,  do  we  find  a  part  of  it  pres- 
ent in  the  unneutral ized  form.  We  see  then  that  acid  fuchsin  is  present  in  the 
central  nervous  system  of  the  cardiectomized  frog  in  the  very  form  which  accord- 
ing to  Joseph  and  Meltzer  should  be  relatively  non-toxic. 
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requisite  amount  of  the  dye  stuff — that  amount  which  gives  a 
pink  color  to  the  tissue — is  present  in  the  spinal  cord.  That  so 
small  a  dose  of  acid  fuchsin  as  1  /40  mg.  per  gram  of  body  weight 
suffices  to  furnish  the  brain  and  cord  of  the  cardiectomized  frog 
with  this  amount  is  due  entirely,  as  has  been  shown  by  my  experi- 
ments, to  the  peculiarities  of  distribution  in  this  case. 

CARDIECTOMY  RENDERS  THE  CENTRAL  NERVOUS  SYSTEM  MORE 
SUSCEPTIBLE  TO  THE  CONVULSANT  ACTION  OF  ACID  FUCHSIN 

While  emphasis  has  been  laid  upon  the  fact  that  the  central 
nervous  system  of  cardiectomized  frogs  receives  so  large  a  fraction 
of  the  injected  acid  fuchsin  in  consequence  of  the  peculiarities  of 
distribution  that  inevitably  follow  cardiectomy,  and  while  this 
has  been  described  as  the  main  reason  for  the  apparently  high 
toxicity  of  the  drug  in  these  animals,  a  second  factor,  already 
referred  to,  must  not  be  lost  sight  of.  This  factor  may  be  stated 
in  the  following  words.  The  asphyxial  condition  of  the  central 
nervous  system,  or  some  alteration  of  state  which  is  a  direct  con- 
sequence of  the  cessation  of  the  circulation,  renders  this  system 
more  susceptible  to  the  action  of  acid  fuchsin. 

The  following  experiment  illustrates  the  point.  Two  frogs  of 
about  equal  weight  receive  each  ^  to  |  mg.  of  acid  fuchsin  per 
gram  of  body  weight,  by  injection  into  the  cranio-dorsal  lymph 
sac.  Fifteen  minutes  later  one  of  the  frogs  is  cardiectomized,  the 
other  being  left  untouched.  In  a  short  time  the  cardiectomized 
frog  falls  into  convulsions  while  the  intact  frog  gives  no  evidence 
of  having  received  a  drug  of  any  kind. 

It  might  be  supposed  that  more  of  the  fuchsin  finds  its  way,  in 
some  manner,  into  the  central  nervous  system  of  the  cardiecto- 
mized frog.  To  test  this  hypothesis  pairs  of  frogs  of  equal  or 
nearly  equal  weight  were  injected  with  equal  quantities  of  the 
drug,  i  to  ^  mg.  per  gram  of  body  weight.  Half  an  hour  or  so 
later  the  lymph  sac  of  each  frog  into  which  the  injection  was  made 
was  opened  and  well  irrigated  with  0.65  per  cent  solution  of  sodium 
chloride  in  order  to  preclude  the  possibility  of  transportation  of 
acid  fuchsin  to  the  central  nervous  system  after  cardiectomy. 
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One  of  the  frogs  was  now  '^  cardiectomized"  by  the  method  of 
ligating,  the  other  remaining  untouched.  In  fifteen  or  twenty 
minutes  convulsions  occurred  in  the  cardiectomized  animal  and 
now  the  spinal  cord  and  brain  of  each  frog  were  removed  and 
tested  with  hydrochloric  acid,  care  being  taken  that  the  same 
length  of  time  elapsed  in  each  case  between  the  injection  of  the 
drug  and  the  removal  of  these  organs.  After  numerous  ex- 
periments of  this  kind,  it  was  not  possible  to  conclude  that  the 
convulsions  were  due  to  a  larger  amount  of  acid  fuchsin  in  the 
central  nervous  system  of  the  cardiectomized  frog.  Sometimes 
the  brain  and  cord  of  the  cardiectomized  frog  were  a  shade 
more  red  than  those  of  the  control  frog,  but  just  as  often  the 
reverse  was  true.  It  seems  rational,  therefore,  to  conclude  that 
cardiectomy  brings  on  convulsions  in  frogs  in  whose  bodies  a  cer- 
tain dose  of  acid  fuchsin  has  previously  been  distributed  and  whose 
central  nervous  system  therefore  contains  a  certain  quantity  of 
the  dye,  because  the  cellular  elements  involved  have  become  more 
sensitive  to  the  dye  stuff.  It  is  certain  that  of  two  frogs  whose 
brain  and  spinal  cord  each  stain  to  the  same  tint  after  the  adminis- 
tration of  acid  fuchsin,  the  one  that  is  cardifectomized  will  have 
convulsions,  the  other  not.  The  increased  sensitiveness  of  the 
central  nervous  system  of  the  cardiectomized  frog  is  the  result 
no  doubt  of  the  lack  of  oxygen,  ^^  coupled  perhaps  with  the  in- 
crease in  carbon  dioxide^"  and  other  waste  products.  We  can  not 
very  well  assume  that  the  increased  sensitiveness  is  due  to  the 
lack  of  Meltzer's  hypothetical  antitoxic  substance,  since  this  has 
already  had  full  opportunity  to  do  its  work,  the  cardiectomy 
having  been  performed  subsequently  to  the  distribution  and  neu- 
tralization of  the  fuchsin  throughout  the  entire  body  of  the  frog. 
Evidently  the  cessation  of  renal  activity  which  follows  the  car- 
diectomy can  not  be  made  responsible  for  the  convulsions,  as 
in  this  event  the  brain  and  cord  of  the  cardiectomized  frog  should 

"  See  A.  Bethe:  Vergleichende  Untersuchungen  iiber  den  Einfluss  des  Sauer- 
stoffs  auf  die  Reflexerregbarkeit.     Festschr.  f .  J.  Rosenthal,  S.  245,  Leipzig,  1906. 

"  H.  Fiihner:  Einige  Beobachtungen  an  Erstickungsf  rose  hen.  Arch.  f.  d.  ges. 
Physiol.,  Bd.  129.  S.  255,  1909. 
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always  contain  more  of  the  acid  fuchsin  than  the  corresponding 
structures  of  the  intact  animal.  The  proof,  however,  that  loss  of 
kidney  function  is  not  responsible  for  the  convulsions  is  seen  in 
the  fact  that  nephrectomy  does  not  produce  them  in'the  otherwise 
intact  animal,  at  least  not  with  doses  approximating  those  above 
employed. 

There  can  be  little  doubt  that  the  facts  here  brought  to  light 
concerning  the  distribution  of  acid  fuchsin  in  the  body  of  the  car-» 
diectomized  frog  hold  also,  though  with  slight  differences  perhaps, 
for  the  distribution  of  strychnine,  morphine  and  other  drugs.  The 
colloidal  nature  of  a  solution  may  be  a  matter  of  considerable 
importance  in  regard  to  its  final  distribution.  Acid  fuchsin,  for 
example,  is  in  the  colloidal  state  in  both  acid  and  alkaline  solu- 
tion, ^^  while  sulphate  of  strychnine  and  sulphate  of  morphine  form 
non-colloidal  aqueous  solutions,  as  is  well  known.  These  alkaloids 
probably  diffuse  out  of  closed  channels  and  lymph  spaces  with 
greater  rapidity  than  does  the  colloidal  acid  fuchsin,  and  solutions 
of  them  which  are  equi-molecular  with  a  solution  of  this  dye  stuff 
will  likewise  exert  a  lower  osmotic  pressure  in  consequence  of  their 
more  ready  passage 'through  membranes.  Differences  in  diffusi- 
bility  are  no  doubt  of  importance  in  determining  the  final  con- 
centration of  substances  in  a  given  tissue  of  cardiectomized  frogs 
such  as  the  spinal  cord. 

But  the  main  factor  in  the  rapid  transportation  of  various  drugs 
in  cardiectomized  frogs,  from  one  lymph  sac  to  others  which 
communicate  freely  with  it  and  from  these  again  to  others  is  the 
driving  power  of  the  lymph  sacs,  whether  this  be  derived  from 
the  tension  of  their  walls  or  from  the  surface  energy  of  the  in- 
jected solution  ov  from  the  pulsations  of  the  surviving  lymph  hearts. 
The  molecular  forces  above  referred  to  will,  however,  play  the 
chief  role  when  it  comes  to  the  penetration  of  an  occasional  mem- 
brane or  to  the  final  distribution  in  the  tissue  spaces  of  the  skele- 
tal muscles. 


1*  Wo.  Ostwald:  Kolloidchemie  der  Indikatoren.     Zeitschr.  f.  Chem.  u.  Indus- 
trie der  KoUoide,  x,  95, 1912. 
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EXPLANATION   SUGGESTED    FOR   THE    GREATER   TOXICITY    OF 
MORPHINE    IN    THE    CARDIECTOMIZED    FROG 

Meltzer  has  shown  that  6  or  8  mg.  of  sulphate  of  morphine 
suffice,  when  injected  into  the  dorsal  lymph  sac  of  a  cardiecto- 
mized  frog,  to  develop  a  tetanus  which  comes  on  in  forty  or  fifty 
minutes  after  the  injection.  In  the  intact  frog  it  requires  10  mg. 
or  more  to  produce  tetanus,  the  so-called  ''late  tetanus"  which 
appears  only  after  the  lapse  of  several  days.  In  explanation  of 
the  fact  that  the  tetanus  appears  so  quickly  in  the  cardiectomized 
animal  and  after  a  smaller  dose,  Meltzer  offers  the  theory  here  as 
with  acid  fuchsin,  that  the  central  circulation  receives  neutralizing 
substances  from  various  organs  and  tissues  which  ordinarily 
modify  the  action  of  morphine.  In  cardiectomized  frogs  these 
neutralizing  substances  can  not  come  into  contact  with  the  in- 
jected morphine  which  therefore  now  exerts  its  specific  toxic 
action  unhindered.  Much  is  known  in  regard  to  the  destruction 
of  morphine  in  the  tissues  of  warm-blooded  animals  at  least,  but 
for  the  explanation  of  Meltzer' s  observation  no  appeal  need  be 
made  either  to  the  well  known  slow  oxidizing  powers  of  the  living 
tissue  or  to  hypothetical  antitoxic  substances  in  the  blood.  Would 
it  not  be  more  in  accordance  with  the  facts  to  assume  that  here 
also  the  limited  distribution  of  the  morphine  and  its  relatively 
high  concentration  in  the  brain  and  cord  are  the  main  reasons  for 
its  effectiveness  in  causing  convulsions  in  small  doses  in  the  cardi- 
ectomized frog,  though  here  also  as  in  the  case  of  acid  fuchsin,  we 
have  probably  to  deal  with  an  increased  excitability  of  the  central 
nervous  system  which  is  due  primarily  to  absence  of  the  circula- 
tion. 

There  are  other  points  that  have  been  emphasized  by  Joseph 
and  Meltzer  which  are  also  explainable  in  the  above  manner. 
Thus  it  was  found  by  these  authors  that  so  small  a  quantity  of 
acid  fuchsin  as  1/125  mg.  per  gram  of  body  weight,  when  it  is 
injected  into  the  aorta,  suffices  to  cause  convulsions  in  the  cardi- 
ectomized frog,  and  this  fact  was  put  forward  as  furnishing  strik- 
ing evidence  for  the  theory  that  "it  is  the  blood  of  the  cardiac 
circulation  which  reduces  the  toxicity  of  fuchsin. "^^ 

"  Joseph  and  Meltzer:  This  Journal,  ii,  199,  1911. 
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On  repeating  this  experiment  I  find  that  the  small  quantity  of 
1/125  mg.  of  acid  fuchsin  per  gram  of  body  weight  just  suffices 
to  saturate  the  brain  and  spinal  cord  of  the  cardiectomized  frog 
with  the  minimum  convulsant  dose  of  the  drug.  The  crushed 
brain  and  cord  in  this  case  give,  when  treated  with  hydrochloric 
acid,  the  pink  color^'  which  is  always  obtainable  when  cardi- 
ectomized or  decerebrate  frogs  have  convulsions  after  acid  fuchsin. 
It  seems  logical,  therefore,  to  bring  this  instance  also  into  line  with 
the  other  examples  of  anomalous  toxicity  discussed  above.  As 
in  all  the  other  instances  of  convulsions  after  acid  fuchsin  in  cardi- 
ectomized frogs,  so  here  also  the  spinal  cord  and  brain  receive  a 
convulsant  dose  of  the  drug,  a  quantity  which,  in  the  absence  of 
the  distributing  central  circulation,  is  retained  and  necessarily 
exerts  its  pharmacological  action. 

PROTOCOLS    OF   EXPERIMENTS 

Many  experiments  have  been  made  to  substantiate  the  state- 
ments made  in  the  preceding  pages,  but  I  consider  it  unnecessary 
to  give  more  than  a  few  illustrative  protocols,  especially  in  view 
of  the  fact  that  further  evidence  for  these  statements  will  be 
found  in  the  following  paper. 

Experiments  which  show  that  the  central  nervous  system  of  the  cardi- 
ectomized frog  receives  a  much  larger  proportion  of  the  injected 
acid  fuchsin  than  does  that  of  the  intact  frog 

Experiment  1.  Rana  clamata,  9 ;  weight  50  grams.  The  spawn 
weighed  6.8  grams,  giving  43.2  grams  as  the  effective  weight  for  com- 
parison with  male  frogs  since  acid  fuchsin  is  not  taken  up  by  the  eggs. 
Heart  ligated  at  11.10  a.m.  It  may  here  be  stated  that  in  most  of  my 
experiments  the  action  of  the  heart  was  eliminated  by  the  method  of 
ligature.     A  moistened  glass  rod  is  inserted  into  the  mouth  of  the  animal 

1^  One  is  obliged  to  wait  a  little  longer  for  the  development  of  the  pink  color  in 
this  experiment  than  in  an  experiment  in  which  the  fuchsin  is  distributed  by  the 
route  of  the  lymph  sacs.  I  conclude  that  the  minimum  effective  quantity  of  dye 
stuff  is  more  evenly  distributed  throughout  the  entire  brain  and  cord,  in  the  experi- 
ment under  discussion,  and  only  becomes  visible  as  the  acid  penetrates  the  crushed 
tissue. 
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and  pushed  well  down  into  the  stomach.  This  raises  the  heart  and  it  is 
then  an  eas}^  matter  to  ligate  this  organ  and  the  great  vessels  with  curved 
needles  of  the  proper  size  as  Meltzer  has  pointed  out.  I  always  pass 
never  less  than  three,  and  often  four,  ligatures  around  the  heart  starting 
with  the  first  ligature  at  a  point  just  below  the  clavicle  and  then  working 
downward.  This  method  is  bloodless,  much  quicker  than  the  method  of 
excision  and  equally  efifective. 

At  11.13  a.m.  injected  0.2  cc.  of  a  1  per  cent  solution  of  acid  fuchsin 
in  0.65  per  cent  NaCl  solution  (Joseph  and  Meltzer)  into  the  middle 
portion  of  the  cranio-dorsal  lymph  =  a  little  less  than  1/20  mg.  per  gram 
of  weight  body. 

In  making  the  injections  described  in  this  and  in  the  following  paper 
I  used  a  tuberculin  syringe  graduated  to  0.02  cc.  and  armed  with  a  very 
long  needle.  This  makes  it  possible  to  go  through  the  muscles  of  the 
thigh  and  then  up  to  the  middle  of  the  dorsal  lymph  sac.  When  the 
injection  is  made  in  this  way  there  is  no  leakage  after  withdrawal  of  the 
needle. 

First  convulsion  at  11.54  a.m.  The  convulsions  were  allowed  to  con- 
tinue until  11.58  a.m.  when  the  entire  bony  canal  containing  the  spinal 
cord  and  brain  was  quicklj^  separated  from  the  body.  The  brain  and 
cord  were  then  removed  entire  and  placed  on  smooth  filter  paper,  the 
vascular  membrane  surrounding  the  spinal  cord,  medulla  and  the  optic 
lobes  was  removed  and  then  the  entire  brain  and  cord  were  gently 
crushed  so  that  a  laj^er  of  nervous  tissue  about  half  a  millimeter  in  thick- 
ness resulted.  A  quantity  of  a  10  per  cent  solution  of  hydrochloric 
acid  in  40  per  cent  alcohol  w'hich  just  sufficed  to  moisten  the  crushed 
brain  and  cord  was  then  applied.  In  a  few  moments  the  entire  cerebro- 
spinal tissue  took  on  a  fine  pink  color.  The  intervertebral  cartilages, 
the  connective  tissue  at  the  points  of  exit  of  the  spinal  and  cerebral 
nerves,  the  fasciae  and  the  superficial  and  deep  muscles  of  the  back,  the 
submucosa  of  the  entire  mouth,  the  tissues  of  the  subscapular  region  and 
head,  all  showed  the  presence  of  the  dye  when  tested  in  this  way.  It 
was  not  necessary  to  use  acid  to  find  the  fuchsin  in  the  fasciae  and  mus- 
cles lying  inmiediately  under  the  cranio-dorsal  lymph  sac.  The  deep 
red  color  of  this  entire  region  shows  that  more  of  the  dye  remains  here 
than  can  be  neutralized  in  the  tissues.  The  internal  organs,  as  the 
stomach  and  intestines,  the  anterior  muscles  of  the  abdominal  walls, 
the  muscles  of  the  four  extremities  were  entirely  devoid  of  fuchsin.  A 
little  of  the  drug  was,  however,  carried  down  into  the  lymph  sacs  of  the 
legs  and  is  taken  up  by  the  tendons  and  by  the  fasciae  over  the  joints  and 
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in  part  by  those  that  cover  the  large  muscles,  as  the  lower  half  the  gas- 
trocnemius, for  example,  turned  pink  on  the  addition  of  acid.  On  cross 
section  it  was  seen,  however,  that  none  of  the  leg  muscles  contained  any 
of  the  fuchsin  in  their  interior,  the  small  quantity  of  the  drug  present 
being  located  entirely  on  the  surface. 

Experiment  2.  Rana  clamata,  cf;  weight  45.7  grams.  At  11.30  a.m. 
injected  into  the  dorsal  lymph  sac  1  cc.  of  a  1  per  cent  solution  of  acid 
fuchsin  in  0.65  per  cent  NaCl  =  nearly  five  times  the  quantity  given 
to  the  cardiectomized  frog  in  experiment  1.  No  symptoms  of  any  kind. 
At  12.05  p.m.  thirty-five  minutes  after  the  injection  (this  being  the  inter- 
val that  elapsed  in  the  case  of  the  cardiectomized  frog  in  experiment  1 
the  brain  and  cord  were  removed  as  in  experiment  1  and  tested  with 
hydrochloric  acid.  Results  negative.  Everywhere  else  throughout  the 
body  the  drug  could  be  found.  In  this  animal  also,  although  the  sub- 
stance of  the  brain  and  spinal  cord  had  taken  up  none  of  the  dye,  the 
intervertebral  cartilages  and  the  connective  tissue  in  the  neighborhood 
of  the  bony  canal  stained  deeply  on  the  addition  of  acid.  The  internal 
organs,  as  the  kidneys,  the  stomach  and  intestines,  the  entire  skin,  all  of 
the  fasciae,  tendons  and  aponeuroses  of  the  body,  the  entire  substance 
of  all  of  the  muscles  of  the  body,  the  submucous  tissues,  all  contained  the 
dye,  some  tissues  as  fasciae  and  cartilages  containing  more  than  others 
and  taking  on  an  intense  red  color  on  the  addition  of  the  acid.  In  this 
case  also,  the  region  lying  immediately  under  the  dorsal  lymph  sac 
stained  somewhat  more  deeply  than  other  portions  of  the  body,  show- 
ing that  even  with  the  circulation  intact  an  equal  distribution  is 
not  attained  in  half  an  hour  when  a  large  quantity  of  the  fuchsin  is 
injected. 

Experiment  3.  Rana  pipiens,  6"',  weight  20.5  grams.  Heart  Hgated 
at  11.41  a.m.  Injected  into  dorsal  lymph  sac  0.15  cc.  of  the  solution  of 
acid  fuchsin  used  in  experiments  1  and  2  at  11.46  a.m.  =  about  1/15 
mg.  per  gram  of  body  weight.  The  frog  was  not  examined  until  11.59 
a.m.  when  it  was  found  stretched  out  in  tetanus.  Brain  and  cord 
removed  nineteen  minutes  after  injection,  crushed  and  treated  with  hy- 
drochloric acid,  assumed  a  pink  color.  The  rest  of  the  body  showed 
the  partial  distribution  already  noted  under  experiment  1.  Here,  how- 
ever, the  inner  surface  of  the  skin  of  the  fore  limbs  and  some  of  the 
tendons  and  fasciae  of  these  limbs  also  assumed  a  light  pink  color  on 
being  tested  with  acid. 

Experiment  4..  Rana  pipiens,  9;  weight  31.2  grams.  Spawn 
weighs  6  grams  giving  25.2  grams  as  the-  effective  weight.     Heart  tied 
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off  at  2.44  p.m.  At  2.47  p.m.  injected  the  minute  dose  of  0.1  cc.  of  0.5 
per  cent  solution  of  acid  fuchsin  in  0.65  per  cent  NaCl  into  the  upper 
part  of  the  prevertebral  lymph  sac,  passing  through  the  basilar  Ijonph 
sac.  Dose  =  1/50  mg.  per  gram  of  body  weight.  Convulsions  began 
at  3.13  p.m.  At  3.18  p.  m.  brain  and  cord  removed,  and  legs  cut  off  at 
thigh.  Brain  and  cord  showed  the  presence  of  the  drug,  turned  pink  on 
the  addition  of  acid.  Distribution  in  the  body  of  this  frog  limited  to  the 
structures  of  the  trunk.  When  double  the  above  quantity  is  injected 
into  the  prevertebral  l>Tnph  sinus  of  a  cardiectomized  frog,  a  small  part 
of  the  drug  may  be  carried  by  subcutaneous  sacs  as  far  down  as  the  tips 
of  the  toes,  and  in  this  case  the  brain  will  be  so  quickly  saturated  with 
the  drug  that  convulsions  will  appear  in  less  than  three  minutes. 

Experiment  5.  Rana  pipiens,  9  ;  weight,  39.8  grams.  SpawTi  weighs 
7.1  grams,  so  effective  weight  =  32.7  grams.  Heart  ligated  at  4.14 
p.m.  At  4.17  p.m.  injected  0.16  cc.  of  0.5  per  cent  solution  of  acid  fuch- 
sin in  0.65  per  cent  NaCl  into  dorsal  IjTnph  sac  =  little  less  than  1/40 
mg.  per  gram  of  bodj^  weight.  Convulsions  appeared  at  4.40  p.m. 
Brain  and  cord  stained  pink  when  treated  with  hydrochloric  acid  while 
rest  of  the  bodj^  showed  the  partial  distribution  already  described. 

Experiment  6.  Rana  pipiens,  cf;  weight  33.5  grams.  At  3.19  p.m. 
injected  into  the  dorsal  IjTnph  sac  0.5  cc.  of  a  1  per  cent  solution  of  acid 
fuchsin  =  0.15  mg.  per  gram  of  body  weight.  No  symptoms  whatever. 
At  3.45  p.m.  removed  the  brain  and  spinal  cord  and  tested  them  with 
hydrochloric  acid  but  without  finding  a  trace  of  pink  color.  The  inter- 
vertebral cartilages  showed  a  pink  color  on  the  addition  of  the  acid  and 
the  distribution  throughout  the  rest  of  the  body  was  as  described  in 
experiment  2.  It  will  be  seen  that  the  intact  frog  in  this  experiment 
received  six  times  as  much  of  the  dye  per  gram  of  body  weight  as  the 
frog  in  experiment  5,  and  seven  times  as  much  as  the  frog  in  experiment 
4,  and  yet  no  traces  of  it  could  be  detected  in  the  spinal  cord  and  brain 
by  the  method  herer  employed. 

Experiments  to  show  that  cardiectomy  increases  the  sensitiveness  of 
the  central  nervous  system  toward  acid  fuchsin 

Experiment  1.  Rana  pipiens,  cf;  weight  24.5  grams.  At  3.05  p.m. 
injected  into  the  abdominal  lymph  sac,  passing  the  needle  from  below 
through  muscles  of  the  thigh,  0.16  cc.  of  a  5  per  cent  solution  of  acid 
fuchsin  =  0.33  mg.  per  gram  of  body  weight.  At  3.48  p.m.  the  abdom- 
inal lymph  sac  was  opened  and  washed  out  with  a  0.65  per  cent  solution 
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of  NaCl,  for  the  purpose  of  removing  any  unabsorbed  fuchsin.  The 
fuchsin  had,  however,  been  entirely  absorbed  from  the  lymph  sac.  At 
3.50  p.m.  ligature  of  heart.  At  4.05  p.m.  violent  extensor  tetanus.  At 
4.25  p.m.  the  frog  still  responds  with  tetanus  when  skin  is  irritated. 

Experiment  2.  Rana  pipiens,  d";  weight  27  grams.  At  3.07  p.m. 
injected  0.30  cc.  of  a  5  per  cent  solution  of  acid  fuchsin  into  the  abdomi- 
nal lymph  sac  =  0.55  mg.  per  gram  of  body  weight.  At  3.53  p.m.  heart 
was  tied  off.  Convulsions  began  at  4.03  p.m.  The  frog  remained 
responsive  to  stimulation  4.50  p.m. 

Experiment  3.  Rana  clamata,cf;  weight  24.5  grams.  At  11.35  a.m. 
injected  into  dorsal  lymph  sac  0.16  cc.  of  a  5  per  cent  solution  of  acid 
fuchsin  =  0.33  mg.  per  gram  of  body  weight.  At  12.34  p.m.  tied  off 
heart,  after  first  washing  out  the  dorsal  lymph  sac  with  0.65  NaCl  solu- 
tion. At  12.57  extensor  tetanus.  At  1.06  p.m.  still  falls  into  violent 
extensor  convulsions  when  the  table  is  jarred.  Brain  and  cord  removed 
at  1.10  p.rii.;  when  tested  with  hydrochloric  acid  their  crushed  tissue 
assumes  a  light  pink  color. 

Experiment  4-  Rana  clamata,  cf ;  weight,  25  grams.  At  11.31  a.m. 
injected  into  dorsal  lymph  sac  0.15  cc.  of  a  5  per  cent  solution  of  acid 
fuchsin  =  0.3  mg.  per  gram  of  body  weight.  At  12.38  p.m.  the  heart 
is  tied  off,  after  first  washing  out  the  dorsal  lymph  sac  with  0.65  per  cent 
NaCl  solution.  Extensor  convulsions  begin  at  12.58  p.m.  when  table  is 
jarred.  At  1.12  p.m.  brain  and  cord  removed  and  tested  with  hydro- 
chloric acid- — ^both  show  a  pink  color. 

More  experiments  of  this  kind  were  made  with  large  as  well  as 
with  small  doses,  and  it  was  found  that  the  lower  limit  of  the  con- 
vulsant  dose  of  acid  fuchsin  for  frogs  of  average  weight  cardiec- 
tomized  subsequently  to  the  distribution  of  the  acid  fuchsin  in  the 
body  was  0.2  mg.  per  gram  of  body  weight.^^  Only  when  this 
quantity  is  injected  into  the  intact  frog  does  the  brain  and  cord 
receive  enough  of  the  fuchsin  to  show  a  pale  pink  color  on  the 
addition  of  hydrochloric  acid,  and  only  then  can  convulsions 
be  induced  by  unusual  procedures  such  as  cardiectomy  or  removal 
of  the  anterior  third  of  the  brain.  Under  normal  conditions  this 
minimum  quantity  in  the  brain  and  cord  does  not  induce  convul- 
sions. 

18  Macht  has  shown  (see  the  preceding  paper),  that  this  is  also  the  lower  limit  of 
the  effective  convulsant  dose  of  acid  fuchsin,  for  frogs  the  anterior  third  of  whose 
cerebral  lobes  is  removed  subsequently  to  the  distribution  of  the  drug  in  the  body. 
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X)N   THE   PART   PLAYED   BY   THE    ANTERIOR   LYMPH   HEARTS   IN   THE 
DISTRIBUTION    OF    DRUGS    IN    CARDIECTOMIZED    FROGS^^ 

One  of  the  first  questions  that  naturally  presents  itself  in  taking 
up  the  stud}''  of  the  distribution  of  solutions  in  cardiectomized 
frogs  pertains  to  the  possible  action  of  the  lymph  hearts  in  assist- 
ing in  the  distribution.  Meltzer  has  come  to  the  conclusion  that 
''the  lymph  hearts  can  not  assist  in  the  distribution  of  solutions, 
except  as  aids  to  the  cardiac  circulation"  and  that ''when  the  heart 
is  ligated  and  cut  out,  the  activity  of  the  cardio-vascular  appara- 
tus, including  lymphatics  and  lymph  hearts  is  completely  elimi- 
nated/'^" 

He  also  states  that  "the  distribution  is  efficiently  accomplished 
in  animals  dead  and  refrigerated  for  forty-eight  hours."  Inas- 
much as  the  lymph  hearts  cease  beating- ^  in  about  an  hour  after 
cardiectomy,  it  is  apparent  that  whatever  distribution  is  seen 
after  this  time  is  to  be  attributed  solely  to  such  agencies  as  capil- 
larity, hydrostatic  pressure  (distension  of  lymph  sacs,  weight  of 
the  frog's  body  resting  on  the  lymph  sac)  and  diffusion. 

While  it  is  true  that  the  distribution  of  solutions  by  non-mtal 
agencies  takes  place  both  in  dead  frogs  and  in  those  that  are  cardiec- 
tomized just  before  the  injection,  yet  the  appearance  of  convulsions 
in  Meltzer's  experiments  depends  entirely  on  the  integrity  of  the 
anterior  lymph  hearts.  If  these  organs  have  ceased  to  pulsate,  or 
if  they  have  been  excised  or  destroyed  with  the  cautery  following  car- 
diectomy, convulsions  will  not  be  seen  after  the  injection  of  add 
fuchsin,  strychnine  or  morphine. 

The  central  nervous  system  does  not  retain  its  irritabihty  very 
long  if  the  operation  of  cardiectomy  is  promptly  followed  by 
destruction  of  the  anterior  lymph  hearts.  These  organs  carry 
on  an  independent  circulation  in  the  central  nervous  system  for 
an  hour  or  more  after  the  blood  circulation  has  been  eUminated. 

I  shall  not  here  discuss  the  anatomical  relations  of  the  communi- 
cating system  of  lymph  sacs  and  sinuses  and  the  anterior  lymph 

i»  The  following  sections  of  this  paper  have  been  added  since  the  foregoing  part, 
which  was  written  two  months  ago,  was  sent  to  press. 
*"  Journ.  of  Exp.  Medicine,  vol.  xiii,  p.  548,  lOlL 
*'  See  Priestley,  Journ.  of  Physiol.,  vol  i  p.  1,  1878-9. 
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hearts  of  the  frog  further  than  to  remind  the  reader  that  these 
lymph  hearts  force  their  contents,  each  into  its  corresponding 
vertebral  vein.  The  vertebral  veins  empty  into  the  internal 
jugular  veins  which  carry  away  the  blood  from  the  network  of 
veins  in  the  interior  of  the  skull  and  spinal  column.  When  the 
passage  from  the  internal  jugular  vein  to  the  innominate  vein 
and  thence  to  the  sinus  venosus  is  blocked  by  ligature  of  the  heart, 
the  pulsating  lymph  hearts  force  their  contents  backward  into 
the  venous  capillaries  of  the  highly  vascular  membranes  of  the 
central  nervous  system.  Whether  this  is  the  only  path  by  which 
a  solution  can  reach  the  central  nervous  system  from  the  truncal 
lymph  sacs  I  am  as  yet  unprepared  to  say,  as  there  is  still  much  to 
be  learned  concerning  the  relations  of  the  lymph  hearts,  lymph 
sacs  and  lymph  sinuses  in  the  frog. 

I  assume  for  the  present  that  the  back  flow  from  the  actively 
pulsating  anterior  lymph  hearts  through  the  veins  of  the  central 
nervous  system  and  its  membranes  is  the  main  channel  by  which 
drugs  which  are  injected  into  a  subcutaneous  or  deeply  situated 
truncal  lymph  sac  reach  the  spinal  cord  and  brain  of  the  cardi- 
ectomized  frog.  It  will  be  shown  in  the  following  protocols  that 
acid  fuchsin  does  not  enter  the  substance  of  the  spinal  cord  and 
brain  when  it  is  injected  into  a  lymph  sac  of  a  cardiectomized 
frog  whose  anterior  lymph  hearts  have  been  destroyed.  It  may 
also  be  stated  here  that  in  very  large  cardiectomized  frogs  (225 
to  250  grams)  it  is  possible  by  injecting  an  acid  fuchsin  solution 
directly  into  the  pulsating  anterior  lymph  hearts  to  induce  con- 
vulsions and  to  obtain  ocular  proof  of  the  presence  of  the  dye- 
stuff  in  the  spinal  cord  and  brain. 

Experiments  are  now  in  progress  on  cardiectomized  frogs  in 
which  I  am  attempting  to  cut  off  the  connection  between  the 
anterior  lymph  hearts  and  the  vertebral  veins  without  in  any 
way  interfering  with  their  pulsations.  These  experiments  will, 
I  hope,  throw  light  on  the  question  as  to  whether  there  is  more 
than  one  backward  route  from  the  truncal  lymph  sacs  to  the 
central  nervous  system. 

The  following  description  of  easily  made  experiments  contains 
the  proof  of  the  assertion  that  for  the  success  of  Meltzer's  experi- 
ments pulsating  anterior  lymph  hearts  are  indispensable. 
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1 .  Two  frogs  of  nearly  equal  weight  are  cardiectomized  by  th 
method  of  ligature.     A  strip  of  skin  about  a  centimeter  wide  is 
removed  from  the  back  over  the  scapular  portion  of  the  pectoral 
girdle. 

The  anterior  lymph  hearts  of  both  frogs  are  then  exposed  to 
view  by  removing  the  dorsal  fasciae,  a  part  of  the  dorsal  muscles 
and  the  supra  scapula.  Care  should  be  taken  not  to  injure  the 
lymph  hearts  during  this  operation.  When  it  is  seen  that  the 
exposed  lymph  hearts  are  pulsating  well  in  both  frogs  and  that 
no  blood  stained  lymph  is  escaping  from  the  field  of  operation, 
the  lymph  hearts  of  the  one  frog  are  quickly  destroyed  by  means 
of  a  red  hot  file.  Each  frog  now  receives  into  the  submaxillary 
lymph  sac  a  fairly  large  dose  of  acid  fuchsin  (1/10-1/5  mg.  per 
gram  of  body  weight).  With  a  little  practice  the  operations  of 
cardiectomy,  of  destruction  of  the  anterior  lymph  hearts  and  the 
injection  of  the  solution  can  be  made  in  about  ten  or  twelve 
minutes  in  the  case  of  a  single  frog. 

The  results  of  the  above  experiment  are  striking.  The  frog 
whose  anterior  lymph  hearts  are  intact  and  pulsating  well  responds 
to  the  injection  with  convulsions,  the  usual  sequence  of  symp- 
toms being  observed,  while  the  frog  whose  lymph  hearts  have 
been  destroyed  retains  a  certain  amount  of  irritabihty  for  four  or 
five  minutes  or  a  little  longer  as  the  case  may  be  and  then  dies. 
No  sign  of  life  can  be  obtained,  the  frog  lies  prone  and  gives  no 
response  when  stimulated  while  the  other  has  the  typical  ex- 
tensor tetanus  that  follows  the  administration  of  acid  fuchsin  in 
the  cardiectomized  frog.  In  about  thirty  minutes  after  the  de- 
struction of  the  lymph  hearts  in  the  one  frog  as  described,  the 
spinal  cord  and  brain  of  both  frogs  are  removed  and  tested  for 
acid  fuchsin.  The  dyestuff  is  found  only  in  the  spinal  cord  and 
brain  of  the  frog  whose  anterior  Ijonph  hearts  are  intact.  Only 
in  this  frog  does  the  dyestuff  gain  access  to  the  interior  of  the 
skull  and  spinal  column,  within  the  time  limits  here  considered. 
It  is  noteworthy,  however,  that  in  the  case  of  the  frog  whose 
lymph  hearts  were  destroyed  the  acid  fuchsin  is  found  in  consider- 
able amount  on  the  outside  of  the  spinal  column  along  its  entire 
length.     The  anterior  or  abdominal  surfaces  of  the  vertebrae 
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for  example,  take  on  a  deep  red  color  when  touched  with  hydro- 
.  chloric  acid,  thus  showing  that  the  fuchsin  solution  easily  finds  its 
way  from  the  submaxillary  into  the  prevertebral  lymph  sac. 

Injections  of  solutions  of  strychnine  or  of  morphine  in  the  proper 
dose  give  the  same  results  as  above  described;  when  the  anterior 
lymph  hearts  are  destroyed  these  drugs  also  fail  to  induce  con- 
vulsions in  cardiectomized  frogs. 

2.  The  same  results  are  obtained  when  both  of  the  cardiec- 
tomized frogs,  the  one  with  lymph  hearts  destroyed  the  other 
with  them  intact,  are  treated  as  follows.  Both  are  placed  in  the 
vertical  position  but  with  the  head  down,  so  that  the  solution  of 
acid  fuchsin  morphine,  or  strychnine  may  be  retained  in  the 
extreme  upper  end  of  the  cranio-dorsal  lymph  sac,  which  in  the 
head  down  position  of  the  frog  forms  a  convenient  pocket  for 
the  retention  of  the  solution.  The  upper  part  of  the  cranio-dorsal 
sac  communicates  freely,  via  intervening  lymph  spaces  with  the 
anterior  lymph  hearts  and  it  is  therefore  not  surprising  that  the 
frog  with  intact  lymph  hearts  soon  falls  into  convulsions. 

On  account  of  the  ease  with  which  solutions  are  carried  from 
the  region  of  the  head  and  the  anterior  part  of  the  trunk  to  the 
anterior  lymph  hearts  the  experiment  succeeds  equally  well  when 
the  head  is  immersed  in  a  1  per  cent  solution  of  acid  fuchsin  or  of 
nitrate  of  strychnine  after  the  skin  has  been  removed  from  between 
the  eyeballs  and  over  the  submaxillary  lymph  sac.  In  such  an 
experiment  the  frog  with  the  anterior  lymph  hearts  intact  falls 
into  convulsions  while  its  fellow  shows  no  symptoms. 

It  is  of  interest  to  note  that  contrary  to  this  experiment  which 
shows  rapid  absorption  from  the  exposed,  upper  part  of  the  cranio- 
dorsal  and  submaxillary  sinuses,  we  meet  with  entirely  negative 
results  when  a  cardiectomized  frog,  with  all  four  lymph  hearts 
intact,  has  his  skinned  legs  immersed  in  a  1  per  cent  solution  of 
acid  fuchsin  or  of  nitrate  of  strychnine.  Indeed,  a  skinned  frog 
may  be  immersed  in  one  of  these  solutions  for  two  hours,  from  his 
toes  to  a  point  that  is  well  above  the  location  of  the  posterior 
lymph  hearts,  without  giving  the  least  evidence  of  hyperexcita- 
bility  or  of  convulsions  during  this  time.  This  negative  result  is 
readily  understood  when  it  is  recalled  that  the  posterior  lymph 
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hearts  throw  theu*  contents  into  the  transverse  iliac  vein  which 
empties  into  a  femoral  vein,  and  sometimes  into  the  common  iliac 
vein,  and  which,  therefore,  stand  in  no  such  relation  to  the  mem- 
branes of  the  spinal  cord  and  brain  as  has  been  shown  to  obtain 
for  the  anterior  lymph  hearts. 

3.  Similar  results  are  obtained  even  when  the  injections  are 
made  into  the  prevertebral  lymph  sinus — ^that  large  lymph 
reservoir  which  lies  immediately  ventral  to  the  spinal  column 
and  extends  from  the  first  or  second  vertebra  to  the  lower  end  of 
the  body  cavity.  To  enter  this  sinus  the  injection  needle  should 
be  passed  into  the  basilar  sinus  in  the  roof  of  the  mouth  between 
the  eyeballs,  and  then  forced  downward  until  the  cervical  part 
of  the  prevertebral  sinus  is  reached,  care  being  taken  to  keep  the 
needle  close  to  the  ventral  surface  of  the  vertebrae.  In  this  case 
also  convulsions  are  seen  only  in  the  cardiectomized  frog  whose 
l3''mph  hearts  have  been  destroyed. 

COMMENTS  ON  THE  WORK  OF  EARLIER  INVESTIGATORS  WHO  STUDIED 
THE    ACTION   OF   DRUGS   IN   CARDIECTOMIZED    FROGS 

It  appears  that  ligation  or  excision  was  not  an  uncommon  pro- 
cedure in  the  work  of  earlier  investigators  when  they  were 
studying  the  action  of  drugs  on  frogs.  Dr.  Reid  Hunt  has  called 
my  attention  to  the  fact  that  this  experiment  was  performed 
by  K6lliker,22  Meyer^^  and  Durdufi.^* 

Occasional  use  of  the  procedure  was  made  by  Kolliker  in  his 
study  of  the  action  of  hydrocyanic  acid  to  prevent  absorption 
and  it  may  be  noted  that  he  expresses  a  doubt  in  one  instance  of 
the  efficacy  of  the  procedure  in  entirely  preventing  absorption, 
and  Meyer's  work  also  shows  that  use  of  the  method  was  made 
only  incidentally  in  his  study  of  the  action  of  hydrocyanic  acid 
and  calls  for  no  further  comment  here. 

Durdufi's  researches  on  the  point  under  consideration  were  also 
not  extensive  but  they  deserve  a  more  extended  notice.     This 

»2  Virchow's  Archiv,  Bd.  x,  283,  1856. 

"  Archiv  fiir  physiolog.  Heilkunde,  Bd.  ii,  s.  249,  1843. 

"  Arch.  f.  exp.  Pathol,  und  Pharmakol.,  Bd.  xxv,  s.  447,  1889. 
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investigator,  in  the  course  of  a  research  on  the  ''pharmacological 
physiology"  of  the  frog's  heart  made,  a  few  experiments  on  the 
absorption  of  drugs  in  frogs  with  heart  standstill  induced  by 
muscarine,  by  helleborein  or  by   ligature  of    the  organ  itself. 
He  observed  that  when  he  injected  a  solution  of  atropine  under 
the  skin  of  the  thigh  of  a  frog  whose  heart  had  been  brought  to  a 
standstill  with  muscarine,   the  heart  was  restored  to  activity 
in  the  course  of  a  few  minutes.     The  subcutaneous  injection  of 
1/10  mg.  of  strychnine  into  frogs  with  the  heart  in  muscarine 
standstill  brought  on  the  characteristic  tetanus  in  a  short  time. 
When,  however,  the  heart  was  put  into  the  condition  of  systolic 
standstill  by  means  of  helleborein,  or  when  it  was  cut  out  of  the 
circulation  by  means  of  ligatures,  then  strychnine  in  the  dose  as 
before  (1/10  mg.)  no  longer  caused  convulsions.     From  these 
experiments  Durdufi  concluded  that  in  frogs  with  non-beating 
hearts  absorption  occurs  only  in  the  case  of  a  diastolic  cardiac 
standstill  and  not  in  cases  of  systolic  standstill  as  induced  by  helle- 
borein or  by  ligature  of  the  heart.     Nowhere  is  there  any  men- 
tion of  the  action  of  the  lymph  hearts  though  the  author  may 
have  had  this  in  mind  in  the  muscarine-atropine  experiment  as 
he  remarks  that  absorption  and  distribution  take  place  in  this 
case  because  the  heart  in  muscarine  standstill  can  give  passage 
to  fluids  from  the  venous  to  the  arterial  side,  this  passage  way 
being  closed  after  ligature  or  helleborein   standstill.     We    see, 
however,  that  Durdufi  was  quite   mistaken  in  assuming   that 
there  can  be  no  absorption  and  distribution  of  drugs  in  cardiec- 
tomized  frogs. 

Of  equal  or  greater  interest  are  the  extensive  researches  of 
Ringer^^  and  of  Ringer  and  Murrell^^  on  the  action  of  potash 
salts  and  of  aconitine  on  frogs  with  arrested  circulation.  These 
investigators,  like  Durdufi,  Joseph  and  Meltzer  and  others,  failed 
to  note  the  work  of  the  lymph  hearts  in  carrying  drugs  to 
the  spinal  cord  and  brain,  but  ascribed  the  effects  noted  by  them 
entirely  to  diffusion  through  the  tissues.     In  regard  to  the  action 


25  Journ.  of  Physiol.,  i,  p.  86,  1878-79. 

26  Ibid.,  p.  239. 
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of  aconitine  on  cardiectomized  frogs  Ringer  and  Murrell  speak  as 
follows : 

To  test  whether  aconitia  can  diffuse  itself  through  the  tissues  irrespec- 
tive of  the  circulation,  we  performed  the  following  experiments  on  three 
frogs.  We  made  a  small  incision  through  the  thorax  and  cut  the  heart 
in  half  (subsequently  verifying  the  operation  by  a  post  mortem),  this 
of  course  completely  arresting  the  circulation.  Into  two  frogs,  weighing 
respectively  23  and  35  grammes,  we  injected  1/25  grain  of  aconitia 
(solution  1  in  100)  under  the  skin  of  the  back;  the  third  we  left  unpoi- 
soned  to  serve  as  a  test  frog. 

The  poisoned  frogs  completely  lost  sensation  in  two  minutes,  and  in 
twenty-nine  and  twenty-four  minutes  respectively  paralysis  was  com- 
plete, whilst  in  the  unpoisoned  frog,  at  the  end  of  an  hour  sensation 
still  continued  in  every  part  of  the  animal  and  voluntary  power  was 
good  though  somewhat  weakened.  Now  these  experiments  clearly 
show  how  readily  aconitia  can  diffuse  itself  and  reach  the  central  ner- 
vous system,  ^"ithout  the  help  of  the  circulation. 

Ringer's  experiments  on  the  action  of  potash  salts  on  cardiec- 
tomized frogs  are  quite  exhaustive  and  preceded  those  made  with 
aconitine.  As  a  result  of  numerous  experiments,  the  results  of 
which  are  arranged  in  tabular  form,  Ringer  concludes  as  follows: 

These  figines  themselves  are  sufficient  to  show  that  chloride  of  potas- 
sium can  diffuse  itself  and  paralyze  the  muscles  without  passing  through 
the  circulation,  for  in  these  experiments  the  heart  being  extirpated  and 
the  circulation  therefore  completely  abolished,  yet  the  muscles  become 
much  sooner  paralyzed  than  the  muscles  of  frogs  subjected  to  mechanical 
arrest  of  the  circulation,  without  poisoning. 

In  Ringer's  experiments,  after  injection  of  the  potash  solution 
imder  the  skin  of  the  back,  muscular  irritability  ceased  in  the  an- 
terior extremities  in  twenty-one  hours,  in  the  thighs  in  twenty-four 
hours,  in  the  lower  legs  in  forty-one  hours,  and  Ringer  is  quite  right 
in  referring  this  slow  action  of  the  drug  in  cardiectomized  frogs  to 
diffusion  and  inhibition.  We  saw  that  while  a  solution  of  acid 
fuchsin  is  carried  to  considerable  distances  in  communicating 
lymph  sacs,  yet  the  acid  fuchsin  itself  (the  solute)  can  only  pene- 
trate the  muscles  by  diffusion,  a  process  which  is  so  slow  that  the 


606  JOHN  J.  ABEL 

interior  of  the  muscle  requires  hours  to  be  reached,  a  fact  which 
is  well  illustrated  in  Ringer's  experiments.  Had  Ringer  made 
use  of  a  dyestuff  he  would  undoubtedly  have  made  a  distinction 
between  the  primary,  rapid,  though  very  incomplete  distribution 
of  the  potash  solution  and  the  subsequent  slow  passage  of  the 
drug  into  the  tissues,  and  he  would  perhaps  have  hesitated  to 
ascribe  to  diffusion  the  quick  transfer  of  aconitine  from  the  dorsal 
lymph  sac  to  the  cells  of  the  spinal  cord  and  brain. 

The  results  of  the  experiments  described  by  me  in  this  paper 
must  make  it  evident  that  Ringer's  experiment  with  aconitine  is 
but  another  example  of  the  rapidity  with  which  the  surviving, 
pulsating  anterior  lymph  hearts  of  the  cardiectomized  frog  can 
carry  a  drug  from  a  truncal  lymph  sac  to  the  brain. 

The  observed  action  of  the  anterior  lymph  hearts  in  carrying 
on  a  low  degree  of  circulation  in  the  central  nervous  system  for 
some  time  after  cardiectomy  would  seem  to  be  worthy  of  further 
study  from  several  points  of  view.  The  influence  of  tempera- 
ture and  other  conditions  on  the  irritability  of  the  lymph  hearts 
are  subjects  which  deserve  attention.  Ringer  remarks  that 
''early  loss  of  sensation  occurs  after  mechanical  arrest  of  the 
circulation  in  the  summer  months,  but  not  in  winter,"  without 
venturing  upon  an  explanation  of  the  difference. 

CONCLUSIONS 

1.  A  fairly  rapid  distribution  of  solutions  by  means  of  non- vital 
agencies,  such  as  capillarity,  hydrostatic  pressure  (distension  of 
lymph  sacs,  weight  of  the  frog's  body  resting  on  the  sacs)  and 
diffusion,  takes  place  both  in  dead  and  in  recently  cardiectomized 
frogs.  The  routes  for  this  distribution  are  primarily  the  com- 
municating series  of  lymph  sacs,  lymph  sinuses  and  channels. 
The  ''tissue  spaces"  (Gewebespalten)  of  Meltzer  can  not  serve 
as  the  paths  for  this  rapid  distribution  as  the  resistance  to 
motion  in  these  minute  spaces  due  to  viscosity  is  so  great  that 
the  effect  produced  by  the  driving  force  derived  from  surface 
energy  must  be  practically  nil.  Progress  in  the  "tissue  spaces" 
can  only  be  made  by  diffusion  of  the  solute,  a  slow  process,  whose 
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action  can  be  traced  by  the  help  of  acid  fuchsin  and  which  is 
well  illustrated  in  Ringer's  experiments  with  salts  of  potash. 
The  distribution  of  a  drug  in  cardiectomized  frogs,  within  the 
time  limits  with  which  we  are  here  concerned  (one-fourth  to 
two  hours),  is  not  general,  but  very  partial  and  limited  and  it 
depends  upon  the  location  and  connections  of  the  lymph  sac 
selected  for  the  injection,  the  amount  of  the  solution  injected,  the 
tension  of  the  lymph  sacs,  the  state  of  the  lymph  hearts  and  other 
factors. 

2.  The  appearance  of  convulsions  in  the  experiments  of  Melt- 
zer  and  his  pupils,  with  acid  fuchsin,  morphine  and  strychnine 
depends  entirely  on  the  integrity  of  the  anterior  lymph  hearts. 
If  these  organs  have  ceased  to  pulsate  or  if  they  have  been  excised 
or  destroyed,  convulsions  will  not  be  seen  after  the  injection  of 
one  of  the  above-named  drugs  into  cardiectomized  frogs.  The 
surviving,  actively-beating,  anterior  lymph  hearts  keep  up  a 
certain  degree  of  circulation  for  an  hour  or  more,  in  the  brain  and 
spinal  cord  of  the  cardiectomized  frog,  thus  making  it  possible 
for  these  organs  to  retain  their  responsiveness  to  stimuli.  It  is 
also  the  anterior  lymph  hearts  that  so  quickly  transport  solutions 
of  drugs  from  both  the  subcutaneous  and  the  deeply  situated 
truncal  lymph  sacs  of  the  cardiectomized  frog  to  the  brain  and 
spinal  cord. 

3.  When  the  minimal  effective  dose  of  acid  fuchsin,  1/40  mg. 
per  gram  of  body  weight  (Joseph  and  Meltzer),  is  injected  into 
the  cranio-dorsal  lymph  sac  of  a  cardiectomized  frog,  a  fractional 
part  of  the  solution  is  driven  into  the  cavity  of  the  skull  and  of  the 
spinal  column  by  the  surviving  lymph  hearts.  Because  the  cardiac 
circulation  has  been  eliminated,  the  drug  can  not  be  carried  away 
to  other  tissues  and  hence  the  brain  and  spinal  cord  are  free  to 
take  up  and  retain  an  effective  quantity  of  the  drug.  In  the 
intact  frog,  on  the  other  hand,  a  quantity  of  the  drug  which  suf- 
fices to  induce  convulsions  in  the  cardiectomized  animal  is  so 
thoroughly  distributed  throughout  the  entire  body  and  so  largely 
bound  to  other  tissues  which  have  a  greater  avidity  for  it,  that 
not  enough  remains  at  the  disposal  of  the  brain  and  cord  to  affect 
those  organs  and  to  give  a  color  reaction  upon  the  addition  of 
an  acid. 
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4.  Convulsions  never  occur  after  acid  fuchsin  unless  the  spinal 
cord  and  brain  have  absorbed  at  least  enough  of  the  drug  to  give 
a  definite  and  unmistakable  pink  color  on  the  addition  of  hydro- 
chloric acid  to  the  crushed  tissue. ^^  In  all  of  the  experiments  of 
Joseph  and  Meltzer  with  cardiectomized  frogs  the  brain  and 
spinal  cord  always  received  that  amount  of  the  dye  stuff  which 
just  suffices  to  induce  convulsions,  and  to  give  the  pink  color 
with  hydrochloric  acid.  That  these  authors  were  able  to  attain 
their  results  with  such  small  quantities  of  acid  fuchsin  is  due  to 
the  action  of  the  surviving  lymph  hearts  and  to  the  increased  sen- 
sitiveness of  the  spinal  cord  and  brain  toward  acid  fuchsin  which 
results  from  the  loss  of  the  blood-circulation.  This  last  factor 
is  demonstrated  by  cardiectomizing  at  a  time  when  the  drug  is 
already  distributed  throughout  the  body  and  when  the  spinal 
cord  and  brain  already  contain  the  minimum  effective  quantity 
for  these  organs.  Under  these  conditions  cardiectomy  is  quickly 
followed  by  convulsions,  while  the  intact  frog  whose  spinal  cord 
and  brain  hold  an  equal  quantity  of  the  dye  stuff  has  no  convul- 
sions. Cardiectomy,  like  the  removal  of  the  anterior  third  of  the 
brain,  causes  a  small  quantity  of  the  dye  stuff  in  the  central  nerv- 
ous system,  that  is,  the  minimum  quantity  that  gives  a  pink  color 
with  hydrochloric  acid,  to  manifest  itself  by  convulsions. 

5.  It  is  therefore  apparent  that  it  is  unnecessary  to  assume 
the  existence  of  a  special  neutrahzing  or  antitoxic  substance 
(Meltzer)  which  circulates  in  the  blood  and  ordinarily  prevents 
convulsions,  but  whose  absence  in  the  cardiectomized  frog  enables 
acid  fuchsin  to  induce  convulsions  in  such  small  doses  as  1/40 
mg.  per  gram  of  body  weight  (Meltzer). 

6.  What  has  been  shown  to  be  true  for  the  distribution  of  acid 
fuchsin  in  cardiectomized  frogs  holds  true  also,  though  with 
certain  limitations,  for  morphine,  strychnine  and  other  drugs. 
Here  also  (morphine)  it  is  unnecessary  to  assume  the  existence  of 
a  special  antitoxic  substance  in  the  normal  blood  to  explain  the 
anomalous  toxicity  of  the  drug  in  the  cardiectomized  frog. 

"  Experiments  are  now  in  progress  to  determine  the  amount  of  this  dye  stuff  in 
the  brain  and  spinal  cord  of  "normal"  frogs  at  the  time  of  the  "late  tetanus" 
(Barbour  and  Abel). 
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The  action  of  caffein  on  the  mammaUan  heart  has  been  described 
by  numerous  investigators,  employing  various  methods:  with 
the  circulation  intact,  with  the  cardio-plethysmograph,  myocar- 
diograph,  by  the  artificial  pei fusion  of  the  excised  organ,  etc. 
The  results  on  the  excised  heart  alone  seem  to  be  fairly  uniform. 
With  the  other  methods  the  reported  results  show  less  agree- 
ment. It  seems  to  be  conceded  that  small  doses  increase  cardiac 
efficiency  and  larger  doses  have  the  opposite  effect.  However 
the  border  line  between  the  beneficial  and  the  harmful  dosage 
has  not  been  determined  with  any  degree  of  accuracy.  Af  Dr. 
SoUmann's  suggestion  this  investigation  was  undertaken  with 
the  hope  of  clearing  up  the  doubtful  points. 

The  present  study  was  directed  mainly  to  the  changes  in  the 
heart  volume,  including  the  individual  excursions  and  tone;  the 
blood  pressure,  heart  rate  and  irregularities  were  noted  inci- 
dentally and  will  also  be  briefly  described,  since  these  phenomena 
are  all  interrelated. 

Methods.  Fourteen  experiments  were  performed  with  the 
cardio-plethysmograph  similar  to  the  type  described  by  Y.  Hen- 
derson (1).  The  ventricular  volume  only  was  recorded,  the  auri- 
cles being  excluded  from  the  plethysmograph.  Recording  tam- 
bours of  9  cm.  diameter  gave  better  details  in  the  tracings,  but 
with  the  larger  quantities  of  caffein,  the  great  increase  in  cardiac 
volume  put  the  contained  air  under  excessive  tension,  hence 
when  the  total  volume  changes  were  desired  larger  recorders 
(12  cm.)  were  used. 
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Eleven  experiments  were  made  with  the  early  model  of  Cushny's 
myocardiograph  (2).  In  this  apparatus  two  upright  rods  are 
fastened  to  opposite  sides  of  the  ventricle  and  transmit  the 
ventricular  movements  to  a  horizontal  lever  writing  on  a  re- 
volving drum.  Five  experiments  were  made  with  the  right 
ventricle  and  six  with  the  left  ventricle. 

.  Dogs  were  used  exclusively,  those  not  over  10  kg.  in  weight 
were  found  to  be  the  most  satisfactory.  Morphin-ether  anes- 
thesia was  employed  in  all  but  three  experiments,  in  which 
morphin  and  Grehant's  chloroform-alcohol  anesthetic  was  given; 
under  the  latter  mixture  the  animals  were  much  quieter  but 
the  blood  pressure  was  uniformly  low.  The  results  with  the 
two  anesthetics  were  similar.  Curare  was  used  when  necessary. 
Uniform  artificial  respiration  was  administered  by  a  motor  driven 
bellows. 

After  laying  bare  the  sternum,  the  vessels  were  cauterized  and 
the  heart  was  exposed  by  sawing  through  the  mid-sternal  line; 
further  hemorrhage  was  arrested  by  the  cautery.  The  cautery 
was  found  to  be  more  satisfactory  than  the  ligation  method. 

A  1  per  cent  solution  of  the  pure  caffein  base  dissolved  in 
normal  saline  solution  was  injected  into  the  femoral  vein  from 
a  burette.  The  dosage  is  always  stated  as  milligrams  of  caffein 
per  kilogram  of  body  weight.  The  injections  were  usually  made 
rapidly,  within  five  to  fifteen  seconds  with  small  doses,  but 
somewhat  more  slowly  as  a  rule  with  larger  doses.  A  number 
of  slow  injections  were  also  made.  With  the  large  doses  of 
caffein  considerable  saline  solution  was  necessarily  injected  and 
suitable  control  experiments  were  made  by  injecting  like  quan- 
tities of  pure  saline  solution. 

Effect  on  blood  pressure.  The  action  of  caffein  on  the  blood 
pressure,  heart  rate  and  irregularities  has  been  described  in  detail 
in  a  previous  paper  (3)  and  will  need  only  a  brief  recapitulation. 
The  initial  blood  pressure  averaged  considerably  lower  in*the 
present  series,  on  account  of  the  severity  of  the  operation,  but 
the  response  to  caffein  was  essentially  the  same  (4).  Following 
the  rapid  intravenous  injection  of  caffein,  there  is  a  brief  pre- 
liminary rise  in  blood  pressure  (5  to  10  mm.)  of  about  five  seconds 


Fig.  1.  Acute  Change  in  Cardiac  Volume:  Decreased  Volume  with 
Small  Doses  ov  Caffein — Cardioplethysmogram 

Upper  curve,  membrane  manometer;  Middle  curve,  volume  curve  of  heart; 
Lower  curve,  blood  pressure — mercury;  Base  line,  zero  blood  pressure.  Caffein 
injected  at  the  signal  (3  mg.  per  kilogram;  previous  dose,  2  mg.  per  kilogram). 
The  speed  of  the  drum  is  increased  temporarily  toward  the  right  side  of  the  trac- 
ing. 

Gil 
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duration.  This  is  followed  by  an  abrupt  fall  which  is  completed 
in  about  fifteen  seconds.  This  acute  fall  in  blood  pressure  in- 
creases progressively  with  successive  doses  to  an  average  maxi- 
mum fall  of  about  30  mm.,  when  40  to  60  mg.  of  caffein  have 
been  injected,  with  further  increase  of  dosage  as  the  permanent 
level  of  the  blood  pressure  is  progressively  lowered,  the  fall 
diminishes  in  extent.  The  acute  fall  is  of  short  duration.  With 
the  smaller  doses  of  caffein,  it  is  usually  succeeded  by  a  slight 
rise. 

Level  of  blood  pressure  with  successive  doses.  With  a  total 
quantity  of  caffein  10  mg.  fourteen  of  twenty- two  uncompli- 
cated experiments  gave  an  average  rise  in  blood  pressure  of  12 
to  15  mm.  above  the  original  level;  the  others  a  very  slight  rise 
(5  mm.)  or  none  at  all.  In  five  experiments,  the  original  blood 
pressure  was  below  60  mm.;  in  four  of  these,  the  caffein  rise  did 
not  exceed  10  mm.,  in  the  fifth  the  rise  was  from  62  to  110  mm. 

With  the  next  dose  of  10  mg.  (total  20  mg.),  the  average  blood 
pressure  fell  slightly  but  remained  above  the  normal  until  a 
total  of  40  mg.  had  been  injected.  When  the  dosage  exceeds 
40  mg.  the  pressure  falls  more  or  less  rapidly  until  death,  but 
a  constant  low  level  may  be  maintained  for  some  time  (4). 

Acute  changes  in  heart  volume.  It  was  shown  in  our  previous 
study  that  the  intravenous  injection  of  caffein  is  followed  by 
two  sets  of  changes,  which  must  be  considered  separately :  namely, 
first,  those  which  occur  acutely  and  which  pass  off  promptly — 
the  ''acute  changes"  and  second,  the  ''permanent"  changes, 
which  set  in  after  the  acute  effects,  but  which  are  lasting  and 
cumulativis. 

The  acute  changes  will  be  discussed  first.  These  are  charac- 
terized by  a  slight  primary  rise  of  blood  pressure,  which  is  really 
due  to  the  saline  injection,  and  by  the  sharp  fall  of  pressure, 
which  is  produced  specifically  by  the  caffein  when  it  is  injected 
rather  rapidly  into  a  vein.  The  corresponding  volume  changes 
in  the  heart  are  demonstrated  most  clearly  by  the  cardio-plethys- 
mograph  and  are  essentially  as  follows: 

Behavior  of  the  car dio-plethy sinograph  during  the  injection  rise. 
With  the  primary  rise  in  blood  pressure  accomparying  the  in- 
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jection  of  caffein,  there  is  usually  a  slight  increase  in  cardiac 
volume,  returning  to  normal  as  the  pressure  falls.  With  large 
doses  of  caffein,  this  increase  in  volume  is  greater  and  merges 
into  the  more  marked  increase  in  volume  coincident  with  the 
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Fig.  2.  Acute  Changes  in  Cardiac  Volume — Cardiac  Plethysmograph 

Increase  in  volume  with  large  doses  of  caffein  (20  mg.  per  injection;  total 
quantity  injected;  100  mg.  at  ^;  120  mg.  at  S;  140  mg.  at  8).  At  5  normal  saline 
equivalent  to  the  saline  in  20  mg.  caffein  solution  was  injected.  The  signal  4 
indicates  the  space  of  thirty  seconds. 

fall  in  blood  pressure  (fig.  2).  The  greater  volume  of  fluid 
entering  the  heart  subsequent  to  the  injection  would  seem  to 
be  the  correct  explanation  of  the  increase  in  volume  at  this  period 
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Behavior  of  the  car dio-plethy sinograph  during  the  injection  fall 
of  blood  pressure.  Accompanying  the  fall  in  blood  pressure  there 
is  usually  a  change  in  cardiac  volume.  With  small  doses  of 
caffein  the  change  consists  usually  in  a  decrease  in  volume  which 
is  generally  comparatively  small,  but  exceptionally  may  be  con- 
siderable. 

With  increase  in  dosage  the  volume  variations  becomemore 
pronounced  and  with  large  doses,  generally  with  20  to  40  mg., 
the  volume  is  increased,  the  increase  becomes  progressively 
greater  with  the  dosage;  finally  the  heart  stops  in  an  extremely 
distended  position  (fig.  2). 

Statistical  data.  With  small  doses  of  caffein  (2,  3  and  5  mg.  per 
kilogram)  the  volume  of  the  ventricle  usually  decreased,  namely  in 
thirty-three  of  forty-one  injections,  and  was  increased  five  and  unchanged 
three  times.  These  exceptions  are  not  of  sufficient  importance  to  merit 
discussion.  With  the  next  dose  of  10  mg.  (total  20  mg.)  the  results 
are  less  uniform,  the  volume  being  increased,  decreased  and  unchanged 
in  an  equal  number  of  injections.  This  quantity  (20  mg.)  seems  to 
be  about  the  limiting  point  between  the  doses  of  caffein  which  cause 
decrease  and  those  causing  an  increase  in  cardiac  volume,  during  the 
acute  fall  in  blood  pressure.  With  the  next  injection  of  20  mg.  (total 
40  mg.),  the  volume  increased  in  eight  of  twelve  injections,  and  de- 
creased in  four.  With  still  larger  quantities  of  caffein  the  volume 
increased  in  thirty-one  of  forty-three  injections,  and  decreased  in 
twelve.  These  exceptional  decreases  in  volume  were  confined  to  three 
experiments  which  were  anomalous  throughout.  In  two  of  these  the 
volume  increased  with  a  total  quantity  of  caffein  of  110  and  140  mg. 
It  may  be  that  the  hearts  were  dilated  at  the  beginning  of  the  experi- 
ment and  caffein  reduced  their  size  as  in  one  myocardiograph  experi- 
ment (206)  to  be  discussed  later.  In  the  third  experiment  (195)  with 
40  mg.  and  above,  a  marked  decrease  in  volume  preceded  the  dilatation. 
Other  conditions  were  not  abnormal  in  these  exceptional  experiments. 

With  a  very  low  blood  pressure  after  large  quantities  of  caffein, 
the  injections  may  result  in  a  rise  of  blood  pressure,  in  which  case, 
however,  there  is  the  usual  accompanying  increase  in  volume,  which 
may  precede  or  be  synchronous  with  the  rise  (experiment  204,   205). 

Myocardiograph  experiments  in  the  acute  fall  in  blood  pressure. 
The  myocardiograms  are  better  adapted  for  studying  the  varia- 
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tions  in  the  systolic  and  diastolic  excursions;  but  the  volume 
variations  can  also  be  estimated  by  representing  the  volume 
as  a  line  drawn  midway  between  the  systolic  and  diastolic  base 
lines.  The  results  agree  fairly  uniformly  with-  the  plethysmo- 
grams,  although  they  give  a  somewhat  smaller  number  of  de- 
creased volume  records  with  the  smaller  quantities  of  cafifein. 
With  the  larger  doses  the  results  are  more  uniform  with  the 
myocardiograph,  as  there  is  but  one  experiment  in  which  the 
volimie  decreased  after  40  mg;  in  experiment  206  (right  ventricle) 
the  volume  decreased  until  a  total  of  60  mg.  was  given. 

These  results  agree  closely  with  Aubert's  (5)  observations 
(made  by  inspection  only)  on  the  intravenous  injection  of  caffein 
into  rabbits.  With  30  mg.  of  caffein,  he  observed  a  primary 
decrease  of  the  cardiac  volume  and  excursions,  followed  by 
relaxation  and  distention,  especially  of  the  right  ventricle.  With 
100  mg.  there  was  a  brief  period  of  asystole  followed  by  cardiac 
relaxation  and  distention  as  before.  With  larger  doses  the  heart 
stopped  in  the  extremely  distended  position. 

The  relation  of  the  cardiac  changes  to  the  acute  fall  of  blood  pres- 
sure. In  our  previous  paper,  we  concluded  that  the  acute  fall 
of  blood  pressure  must  be  due  essentially  to  acute  cardiac  de- 
pression. The  direct  observation  of  the  cardiac  volume  shows 
that  there  is  such  a  relation,  the  changes  in  volume  coincide 
in  time,  or  somewhat  precede  the  blood  pressure  fall.  The 
amplitude  of  the  cardiac  excursion  is  also  decreased  during  the 
fall.  However,  the  relation  is  apparently  not  a  quantitative 
one;  for  while  the  heart  continues  to  dilate  and  the  excursions 
progressively  decrease  as  the  total  dosage  of  cafifein  increases, 
until  death  occurs,  the  acute  blood  pressure  fall  becomes  less 
and  less,  as  the  permanent  level  of  blood  pressure  is  lowered 
(fig.  2).  This  means  simply  that  other  factors  enter  into  play, 
namely,  that  the  blood  pressure  ceases  to  reflect  the  cardiac 
changes  when  the  whole  circulation  is  altered  by  the  permanent 
vasodilation  and  cardiac  distention,  and  the  consequent  reversal 
in  the  distribution  of  the  blood,  which  characterizes  the  larger 
doses  of  cafifein. 
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Time  relations  of  the  blood  pressure  fall  and  cardiac  changes. 
The  volume  changes  and  blood  pressure  changes  are  almost  syn- 
chronous. Both  occurred  promptly  with  rapid  injections,  and 
slowly  or  imperfectly  with  slow  injections.  The  tracings  often 
show  no  perceptible  difference  in  the  time  of  the  two  sets  of 
changes;  but  when  a  difference  is  perceptible  (in  four  of  ten 
experiments),  the  cardiac  changes  always  start  and  reach  their 
maximum  a  trifle  before  the  blood  pressure.  In  experiment  191, 
with  100  to  140  mg.  doses,  the  heart  was  quite  visibly  dilated 
before  the  blood  pressure  began  to  fall. 

The  relation  between  the  extent  of  the  acute  volume  and  blood 
pressure  changes.  "With  small  quantities  of  caffein  there  seems 
to  be  no  relation  between  the  variations  in  volume  and  the  degree 
of  the  fall  in  blood  pressure.  i 

There  are  nine  experiments  showing  a  decreased  or  unaffected  vol- 
ume with  each  injection  of  2,  3  and  5  mg.  of  caffein.  In  all  of  these 
the  fall  in  blood  pressure  increases  progressively  with  the  dose  but 
the  volume  variations  are  by  no  means  regular;  in  three  experiments 
(180,  3,  8)  the  decrease  in  volume  varied  inversely  to  the  fall  in  pressure; 
in  three  others  (184,  190,  191)  the  volume  varied  directly  (not  mathe- 
matically however)  with  the  fall  in  blood  pressure'  and  in  two  experi- 
ments, with  the  usual  blood  pressure  changes,  the  volume  changes 
were  quite  irregular. 

At  a  somewhat  variable  point,  usually  about  20  to  40  mg.  but  occasion- 
ally with  larger  quantities,  the  acute  dilatation  increases  progressively 
with  each  dose  until  death,  in  the  majority  of  experiments,  while  the 
acute  fall  of  blood  pressure  reaches  its  maximum  before  half  the  fatal 
dose  is  reached  (with  40  to  60  mg.  in  eight  of  ten  experiments).  The 
blood  pressure  in  the  plethysmographic  experiments  averages  95  mm. 
at  the  time  when  the  acute  fall  of  blood  pressure  has  reached  its  maxi- 
mum. As  was  mentioned  above,  after  large  quantities  of  caffein  occa- 
sionally the  blood  pressure  is  maintained  for  some  time  at  a  very  low 
level  (30  mm.)  and  the  injection  frequently  resulted  in  a  rise  of  blood 
pressure  but  the  heart  dilated  as  usual  with  the  large  doses. 

The  cardiac  'excursions  during  the  acute  fall  in  blood  pressure; 
with  small  doses  of  caffein  (to  10  mg.).  There  was  little  varia- 
tion in  the  amplitude  of  the  excursions  during  the  fall  in  blood 
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pressure;  the  excursions  usually  remained  unchanged  or  were 
slightly  lessened,  or  sometimes  sUghtly  increased.  There  seems 
to  be  no  relation  between  the  variations  in  amphtude  and  the 
extent  of  the  fall  in  blood  pressure.  There  seems  to  be  some 
connection  between  the  change  in  volume  and  the  amphtude 
of  the  excursion;  the  greater  diminution  in  excursion  was  in 
those  curves  with  the  largest  volume  variations,  but  this  also 
is  uncertain. 

Of  forty  injections  with  the  plethysmograph  there  was  no  variation 
in  amplitude  in  twenty-one  and  a  decrease  in  nineteen.  Of  twenty- 
six  injections  with  the  myocardiograph,  there  was  no  variation  in  three, 
a  decrease  in  fourteen  and  an  increase  in  nine. 

With  larger  quantities  of  caffein  (above  10  mg.)  there  is  a  dimi- 
nution in  excursion  amounting  to  a  maximum  of  30  to  50  per 
cent. 

The  decrease  in  excursion  is  roughly  proportional  to  the  increase 
in  volume.  With  the  sharp  marked  increase  in  volmne  with  a 
large  total  quantity  of  caffein  the  excursions  at  times  become 
very  greatly  decreased,  the  heart  being  practically  in  a  condition 
of  asystole.  With  the  larger  quantities  of  caffein  the  excursions 
may  be  very  irregular  in  rate  and  amplitude. 

Santesson  (6)  with  the  plethysmograph,  described  diminished 
excursions  with  small  doses  during  the  fall  and  increased  excur- 
sions in  the  recover3^  I  observed  this  secondary  increase  of  the 
excursions  with  the  myocardiograph  but  not  wdth  the  plethysmo- 
graph. 

Changeb  in  the  systolic  and  diastolic  tone  during  the  acute  fall 
in  blood  pressure.  The  usual  slight  decrease  in  cardiac  volume 
which  was  produced  by  small  doses  (to  10  mg.)  was  dependent 
upon  an  increased  systohc  excursion  and  a  diminished  diastohc 
relaxation  (fig.l).  With  the  next  dose  of  10  mg.  (20  mg.  in  all), 
the  curves  were  irregular,  with  a  general  tendency  toward  lessen- 
ing of  the  systohc  excursion,  with  the  diastolic  excursion  uneffected 
or  somewhat  increased.  As  the  volume  becomes  more  markedly 
increased,  the  chaiacteristic  result  is  the  great  decrease  in  the 
systohc  exclusion  with  a  relatively  smaller  increase  in  the  dias- 
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tolic  excursion;  this  results  practically  in  a  condition  of  asystole 
when  the  lethal  point  is  approached. 

Permanent  cardiac  changes  produced  hy  the  smaller  doses  of 
caffein.     The  persistent  effects  of  caffein  on  the  blood  pressure 


Fig.  3.  Myocardiogram — Left  Vkntricle 

Decrease  in  amplitude  with  large  doses  during  fall  of  blood  pressure  and  card- 
iac dilation — Caffein  20  mg.  injected  at  the  first  signal  (total  dose  80  mg).  Upper 
curve,  myocardiogram;  Lower  curve,  blood  pressure;  base  line,  zero  blood  pres- 
sure. 
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described  on  page  81,  of  our  previous  paper  (3)  were  explained 
as  follows:  ''constant  and  pronounced  vasodilation,  with  varying 
degree  of  cardiac  stimulation  if  the  total  dosage  of  caffein  is  small, 
or  cardiac  depression  if  the  total  dosage  is  large.''  These  explan- 
ations were  deduced  particularly  from  the  oncometric  changes. 

The  direct  cardiac  studies  of  the  present  series  show  changes 
in  volume  and  excursion  corresponding  with  the  blood  pressure 
changes.  Following  an  intravenous  injection,  when  the  blood 
pressure  has  reached  its  permanent  level  the  conditions  of  the 
heart  are  as  follows:  After  the  small  doses  of  caffein  (to  20  mg.), 
when  the  blood  pressure  is  normal  or  sUghtly  raised,  the  cardiac 
volume  generally  remains  somewhat  decreased,  with  the  systolic 
excursion  increased  and  the  diastole  relaxation  lessened,  i.  e., 
the  cardiac  tone  is  raised  (fig.  1) ;  the  amplitude  of  the  excursions 
is  generally  unchanged  but  may  be  increased;  the  heart  rate  is 
somewhat  increased. 

The  cardiac  volume.  As  the  blood  pressure  recovers  from  the 
acute  injection  fall,  the  volume  variations  are  usually  also  affected. 
With  a  total  quantity  of  caffein  20  mg,  in  about  an  equal  number 
of  injections  the  volume  remained  decreased  (twenty-two)  or 
returned  to  the  preinjection  volume  (twenty-one)  but  less  fre- 
quently was  increased  (nine).  The  volume  changes  were  about 
equally  divided  among  the  different  doses  (2,  3,  5,  10  mg.). 
With  the  myocardiograph  with  the  same  dosage,  the  volume  of 
the  left  ventricle  was  decreased  fifteen,  unchanged  five  and  in- 
creased four  times;  the  volume  of  the  right  ventricle  was  decreased 
and  unaffected  in  an  equal  number  of  injections  (eight). 

The  cardiac  excursions.  With  the  two  methods  of  experimen- 
tation the  results  were  not  uniform:  the  plethysmograms  show 
little  variation  in  exclusion  with  the  smaller  quantities  (20  mg), 
but  exceptionally  the  amplitude  may  be  slightly  augmented  or 
diminished.  In  one  experiment  only  (187)  was  the  amplitude 
constantly  increased  with  this  dosage,  and  in  one  experiment 
(181)  the  ampUtude  seemed  to  be  augmented  although  the  excur- 
sions were  very  small. 

Myocardiograph.  With  this  recorder,  the  excursions  werie  usu- 
ally augmented  and  the  results  with  the  two  ventricles  were 
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fairly  uniform.  The  excursions  of  the  right  ventricle  were  in- 
creased nine  times  and  unaffected  twice;  of  the  left  increased 
twelve,  unchanged  four  and  lessened  six  times. 

The  heart  rate.  Small  doses  (20  mg.)  resulted  in  a  somewhat 
quickened  heart  rate  as  has  been  abundantly*  substantiated  by 
earlier  investigators.  The  occasional  decrease  in  rate  dependent 
upon  primary  vagus  stimulation  was  not  observed  in  this  series. 

Cushny  and  Van  Naten  (2),  employing  the  myocardiograph 
on  the  right  auricles  and  ventricles  of  dogs,  found  caffein  0,10 
mg.  to  be  without  effect  other  than  acceleration  of  the  rate  (this 
dose  would  correspond  to  about  10  mgr.  per  kilogram).  With 
larger  quantities  the  auricular  systole  was  lessened;  then  the 
ventricular  diastole  was  decreased  and  finally  the  ventricular 
systole  was  diminished;  no  increase  in  the  systolic  excursion 
was  mentioned.  Still  larger  doses  (1  gram)-  resulted  in  arrythmia 
and  finally  the  heart  stopped  in  extreme  distention.  (The  doses 
here  given  refer  to  the  total  dosage  not  to  grams  per  kilogram* 
of  animal  weight.) 

Permanent  cardiac  changes  produced  by  the  larger  doses  of  caffein 
{4-0  to  100  mg.).  These  cause  a  progressive  fall  in  blood  pressure 
and  with  this  dosage  the  acute  fall  is  accompanied  by  cardiac 
dilatation  and  the  recovery  from  this  dilatation  is  less  and  less 
complete,  i.  e.,  the  tone  of  the  heart  is  permanently  and  progres- 
sively lowered  (fig.  2).  The  excursions  are  also  reduced,  espe- 
cially the  systolic  contraction;  the  heart  rate  usually  increases 
progressively  but  may  be  slowed;  irregularities  are  frequent. 

The  cardiac  volume.  The  volume  changes  are  somewhat  irregu- 
lar with  caffein  40  mg.  (in  both  the  plethysmograph  and  myo- 
cardiograph experiments);  with  larger  quantities  however  the 
volume  usually  increased  and  did  not  return  to  normal.  The 
permanent  increase  in  volume  starts  with  a  fairly  uniform  quan- 
tity of  caffein,  usually  from  40  to  60  mg.  (table  I)  as  the  dosage 
is  further  increased,  the  dilation  becomes  more  and  more  marked 
until  a  total  of  100  to  140  mg.  is  reached.  About  this  point 
there  is  a  further  more  and  more  marked  permanent  increase 
in  volume. 
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TABLE  1 
Total  quantity  of  caffein  causing  some  degree  of  permanent  cardiac  dilation 


« 

CAFFEIN  MILLIGRAM  PER  KILOORAM 

10        1        40        1        80 

■   1                           ! 

80 

100 

140          180 

Number  of  experiments  with  plethys- 
mograph 

Number  of  experiments  with  myo- 
cardiograph 
Right  ventricle. 

1 

4           3 

1                       1 

1 
2 

1 

1 

Left  ventricle 

1           3    I      2 

It  is  noticeable  that  much  larger  doses  of  caifein  appear  to 
be  required  to  produce  permanent  dilatation  of  the  right  ven- 
tricle than  of  the  left  ventricle,  but  the  number  of  experiments 
is  not  sufficient  to  warrant  any  conclusions. 

There  were  two  quite  atypical  experiments,  one  with  the 
plethysmograph  (181)  and  one  with  the  myocardiograph  (206). 
In  these  the  volume  decreased  very  considerably  until  caffein 
100  and  140  mg.  respectively  had  been  received  which  dose 
initiated  the  progressive  increase  in  volume.  In  the  myocar- 
diograph experiment,  it  was  definitely  noted  that  the  heart 
was  dilated  at  the  beginning  of  the  experiment  and  the  volume 
was  visibly  diminished  by  caffein;  presumably  the  condition  was 
similar  in  the  second  experiment. 

Two  other  experiments  also  required  unusually  large  quanti- 
ties of  caffein  to  produce  permanent  dilation,  but  in  these  the 
volume  remained  practicallj^  at  the  original  level  and  was  not 
markedly  decreased.  In  none  of  these  exceptional  experiments 
were  other  conditions  unusual. 

The  cardiac  excursions.  In  all  but  exceptional  instances,  the 
amplitude  of  the  excursions  was  gradually  lessened  by  the  larger 
dose  of  caffein.  In  one  experiment  (206)  in  which  the  volume 
was  markedly  decreased  until  100  mg.  had  been  received,  the 
amplitude  was  gradually  increased  from  10  to  28  mm.  with 
caffein  40  mg.  and  was  then  gradually  lessened.  In  experiment 
198   the  excursions  were  somewhat  increased   through    caffein 
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80  mg.  In  both  experiments  the  heart  rate  was  increased.  There 
were  individual  instances  in  which  a  lessened  heart  rate  resulted 
in  increased  excursion. 

The  heart  rate  usually  increases  progressively  with  increase  in 
dosage  to  a  maximum  of  two  hundred  or  more  per  minute;  how- 
ever, the  maximum  attained  in  this  series  was  below  that  reported 
by  other  observers.  In  about  one-third  of  the  experiments  the 
rate  was  somewhat  increased  when  40  to  60  mg.  had  been  in- 
jected, beyond  which  it  progressively  decreased,  so  that  rates  of 
fifty  to  seventy  per  minute  were  not  infrequent.  In  the  latter 
experiments  the  blood  pressure  was  usually  low. 

Cardiac  irregularities  produced  by  caffein  were  not  made  the 
subject  of  especial  study.  They  are  usually  initiated  during 
the  acute  fall  in  blood  pressure  with  quantities  of  caffein  that 
lessen  cardiac  tone  (40  mg.  and  above);  and  usually  disappear 
fairly  promptly.  As  the  dosage  increases,  the  irregularities  tend 
to  become  permanent.  They  affect  both  the  rate  and  amplitude 
of  the  excursion.  There  were  experiments  without  irregularities 
except  during  the  acute  fall  in  blood  pressure. 

Maximal  does  of  caffein  above  100  to  I40  mg.  The  cardiac 
changes  progress  rapidly.  As  this  dosage  is  approached,  each 
injection  of  caffein  produces  a  more  and  more  marked  dilation, 
with  less  and  less  perfect  recovery,  so  that  the  heart  remains 
very  much  dilated.  When  the  dosage  reaches  100  to  140  mg. 
this  dilation  becomes  very  great  and  there  is  little  tendency 
toward  recovery,  successive  doses  increase  the  volume  and  lessen 
the  amplitude  of  the  excursions  and  finally,  shortly  after  an 
injection  there  is  na  recovery,  the  heart  stopping  in  extreme 
diastole  after  more  or  less  vermicular  movement  (fig.  2). 

Individual  variations  in  rate  and  rhythm  become  more  marked 
but  offer  no  further  peculiarities  worthy  of  note. 

Discussion  of  the  relation  between  the  blood  pressure,  heart  rate, 
amplitude  of  excursion  and  output.  It  was  stated  above  that 
caffein  (up  to  20  mg.  per  kilogram)  usually  causes  an  increase 
in  blood  pressure  of  a  few  millimeters,  a  moderate  increase  in 
heart  rate  and  leaves  the  amplitude  of  the  cardiac  excursion 
unaffected  or  somewhat  increased;    larger  quantities    progres- 
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sively  lower  the  blood  pressure,  increase  the  heart  rate  and  de- 
crease the  excursion.  These  conditions  were  compared  in  nine 
plethysmograph  experiments;  in  these  with  C.  20  mg.  there  was 
an  average  rise  in  blood  pressure  of  about  15  mm.  (from  70  mm. 
to  87  mm.)  with  an  increase  in  heart  rate  of  about  thirty  beats 
per  minute,  with  the  excursions  practically  unchanged;  larger 
quantities  caused  the  usual  progressive  lowering  of  blood-  pres- 
sure, increase  in  heart  rate  and  decrease  in  amphtude.  It  would 
seem  then  that  the  rise  in  pressure  in  these  experiments  is  due 
mainly  to  the  increased  heart  rate.  As  the  dosage  is  increased, 
the  lessened  excursions  more  than  offset  the  increased  rate,  and 
the  output  per  unit  of  time  is  therefore  diminished  and  so  the 
blood  pressure  falls.  This  result  agrees  with  the  generally  ac- 
cepted experimental  results,  that  in  spite  of  the  increasing  heart 
rate  the  blood  pressure  progressively  falls  when  the  caffein  dosage 
becomes  large.  In  the  myocardial  experiments  the  results  were 
not  so  uniform  and  there  were  a  few  experiments  in  which  other 
experimental  procedures  prevented  this  comparison.  In  four 
experiments  with  the  usual  blood  pressure  rise,  the  rate  was 
very  slightly  increased  but  the  amplitude  of  the  excursions  was 
increased;  in  others  the  rate  was  somewhat  increased,  but  the 
amplitude  was  practically  unchanged.  It  would  seem  then  that 
with  caffein  a  rise  in  blood  pressure  may  result  either  from  an 
increased  excursion  with  heart  rate  not  greatly  modified  or  vice 
versa,  with  the  excursion  slightly  modified  but  with  the  rate 
increased. 

The  vaso-dilation  produced  by  caffein  introduces  another  factor 
in  this  relation.  This  action,  of  course,  tends  to  lessen  the 
rise  in  blood  pressure  which  would  otherwise  result  from  the 
increased  heart  rate  or  the  augmented  excursions.  This  vas- 
cular relaxation,  although  decreasing  the  blood  pressure-raising 
power  of  caffein  is  probably  of  considerable  value,  as  lessening 
the  peripheral  resistance  and  by  increasing  the  blood  flow  through 
the  part  per  unit  of  time. 
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CONCLUSIONS 

1.  During  the  acute  fall  in  blood  pressure,  subsequent  to  a 
rapid  intravenous  injection  of  caffein.  (a)  Within  a  total  quan- 
tity of  caffein  10  mg.  per  kilogram  the  cardiac  volume  (''tone") 
and  the  amplitude  of  the  excursion  are  usually  unchanged,  (b) 
With  larger  quantities,  the  volume  progressively  increases  (or 
the  "tone"  decreases)  and  the  amplitude  of  the  excursions 
decreases. 

2.  Permanent  changes,  (a)  Within  a  total  quantity  of  caffein 
20  mg.  per  kilogram,  there  is  a  moderate  rise  in  blood  pressure, 
an  increased  heart  rate,  a  decrease  in  heart  volume  (or  an  increase 
in  ''tone");  there  may  or  may  not  be  an  increase  in  the  ampli- 
tude of  the  excursion,  (b)  With  larger  doses,  the  blood  pres- 
sure progressively  falls,  the  heart  rate  increases,  the  volume  in- 
creases (or  the  "tone"  is  lessened),  the  amplitude  of  the  excur- 
sions decreases. 

It  is  a  pleasure  for  me  to  acknowledge  my  indebtedness  to 
Professor  SoUmann  for  his  aid  in  the  experimentation  and  for 
revising  the  manuscript. 
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FraenkeU  has  shown  that  the  unstriped  fiber  of  the  uterus  can 
be  used  to  determine  an  excess  of  epinephrin  in  the  blood  of  pa- 
tients with  Basedow's  disease  and  chronic  nephritis.  He  \ised 
blood  serum.  He  found  that  strips  of  uterine  tissue  reacted  to 
epinephrin  in  the  dilution  of  1  to  20,000,000.  The  serum  of 
healthy  persons  usually  acted  in  a  dilution  of  1  to  5  and  1  to  10, 
in  a  few  cases  in  a  dilution  of  1  to  20  and  1  to  40,  and  three 
times  in  a  dilution  1  to  50,  but  not  beyond  this  dilution.  He 
found  the  serum  in  Basedow's  disease  was  active  in  a  dilution 
of  1  to  400.  He  estimates  the  quantity  of  epinephrin  in  the  blood 
to  be  about  12.5  mgs . 

One^  of  us  was  the  first  to  show  that  the  adrenal  extract  relaxes 
the  tonus  and  inhibits  the  rhythmic  contractions  of  the  intestine. 

Magnus'  in  1905,  showed  that  suprarenin,  1  to  20,000,000,inhib- 
its  the  rhythmic  contractions  of  the  intestines. 

Hoskins''  has  shown  that  the  rhythmic  contractions  of  the  intes- 
tine of  the  rabbit  are  inhibited  by  epinephrin,  1  to  400,000,000. 
We  have  shown  that  of  the  ductless  glands  there  are  none  which 
give  this  peculiar  reaction  by  the  intestine  to  epinephrin.^ 

Cannon  and  de  la  Paz^  have  shown  that  the  adrenals  can  be 
excited  by  emotional  impulses,  and  that  the  excess  of  epinephrin 

^  Archiv.  fiir  experiment.  Pathol,  und  Pharmakol.,  Bd.,  Ix,  p.  394,  1909. 
»  Medical  Bulletin,  xix,  p.  376,  1897. 

*  Pfliiger's  Archiv.,  Bd.,  cviii,  p.  48,  1905. 

*  Jour,  of  Pharmacol,  and  Exper.  Therapeutics,  iii,  no.  1,  p.  93. 
» American  Medicine,  March,  1911. 

*  Amer.  Jour,  of  Physiol.,  xxviii,  p.  64,  April,  1911. 
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in  the  cat  can  be  detected  by  the  intestinal  strip  of  the  same  ani- 
mal. They  obta.ned  the  blood  from  the  vena  cava  above  the 
opening  of  the  adrenal  veins,  by  a  snip  in  the  femoral  vein,  through 
which  they  passed  a  catheter.  This  blood  was  defibrinated  and 
tested.  The  normal  blood  showed  no  epinephrin  reaction,  but 
excited  the  contractions  and  tonus  of  the  intestine. 

Cannon  and  Hoskins^  have  also  shownthat  in  cats  asphyxia  and 
sciatic  irritation  increases  the  amount  of  epinephrin  in  the  blood. 
They  narcotized  the  animals  with  urethane  and  used  the  intestine 
of  the  rabbit  for  the  test  with  defibrinated  blood  before  and  after 
asphyxia  and  sciatic  irritation. 

Ether,  according  to  Elliot,^  causes  a  centrally  excited  loss  of 
epinephrin  in  the  medulla  of  the  adrenal. 

Delbet,  Herrenschmidt  and  Beauvy,^  found  that  chloroformi- 
zation  causes  epinephrin  to  diminish  and  to  completely  disappear 
from  the  medulla  of  the  adrenal,  to  reappear  twelve  hours  after  the 
use  of  the  chloroform.  Chloroform  also  causes  considerable 
changes  in  the  cortex  of  the  adrenals.  Kehrer  and  Fraenkel  also 
noted  that  etherization  materially  diminishes  the  activity  of  uter- 
ine muscle  as  regards  epinephrin. 

Hoskins^"  by  feeding  guinea  pigs  with  dessicated  thyroid  and 
weighing  the  adrenals  of  their  offspring  found  them  depressed  in 
weight  by  53  per  cent.  In  thyroidectomized  guinea  pigs  he  found 
that  the  adrenals  of  their  offspring  contained  an  average  hyper- 
plasia of  20  per  cent.  Normal  animals  fed  on  5  to  15  mgs.  of 
dessicated  thyroid  had  an  average  hypertrophy  in  the  adrenals  of 
about  25  per  cent.  He  holds  that  these  results  support  the  theory 
that  thyroids  normally  stimulate  the  adrenals. 

TESTS   FOR  EPINEPHRIN   IN  THE  BLOOD 

Our  experiments  were  made  upon  cats  deeply  narcotized  with 
urethane.  The  rabbits  were  also  deeply  narcotized  with  the 
same  drug.     The  blood  of  the  cat  was  obtained  from  the  vena 

^Amer.  Jour,  of  Physiol.,  xxix,  p.  274,  1911. 

*  Jour,  of  Physiol.,  xliii,  no.  6,  p.  xxxii. 

9  La  Presse  Mddicale,  no.  19,  p.  200,  March  6,  1912. 

"  Jour.  Amer.  Med.  Assoc.  Iv,  no    20,  p.  1724.  191  . 
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cava  according  to  the  method  of  Cannon,  and  defibrinated.  Then 
as  a  rule,  the  filtrate  of  0.1296  grams  of  the  dry  powdered  extract 
was  injected  per  jugular.  The  filter  was  usually  absorbent  cotton 
although  a  paper  filter  was  also  used.  After  the  usual  wait  of  three 
and  one-quarter  minutes  blood  was  again  drawn  from  the  vena 
cava,  and  defibrinated.  With  the  albumens  we  waited  from  three 
and  one-quarter  to  30  minutes.  Then  a  small  segment  of  the  intes- 
tine was  obtained  from  the  narcotized  rabbit,  attached  by  a  pin 
hook  to  the  bottom  of  the  tube  and  by  a  pin  and  thread  to  Porter's 
heart  lever.  Then  Ringer's  solution  was  added,  and  the  contract- 
ions noted ;  then  normal  blood  until  the  contractions  were  uniform, 
when  the  blood,  after  the  injection  of  the  animal  extract,  was 
added.  The  saline  and  blood  were  drawn  from  the  glass  tube  by 
means  of  an  exit  tube  at  its  bottom,  and  oxygen  was  bubbling 
into  the  glass  by  means  of  an  inlet  tube  at  the  base  of  the  glass 
tube.  In  changing  from  normal  blood  to  the  blood  affected  by 
the  animal  extract  the  lever  rises^  some.  We  have  made  over 
eighty  experiments. 

Thyroid,  iodothyrin  (fig.  1),  parathyroid,  thymus,  infundibulin 
(fig.  2),  pineal,  pancreas,  ovary  and  orchitic  extract  produced 
the  epinephrin  fall  of  tonus  and  a  temporary  inhibition  of  the 
rhythmic  contractions.  The  thyroid,  in  causing  an  increase  of 
epinephrin  in  the  blood,  supports  Fraenkel's  facts  in  Basedow's 
disease  and  also  the  results  of  Eppinger,  Falta  and  Rudinger. 

Spleen  extract  free  of  albumen  was  without  effect. 

The  short  duration  of  the  epinephrin  dip  is  partly  due  to  the 
fact  that  all  the  above  animal  extracts  except  the  adrenals,  when 
injected,  increase  the  tonus  and  often  the  extent  of  the  rhythmic 
contraction  and  counteract  in  part  the  effect  of  the  epinephrin. 

Dr.  Oswald  Schwarz,^!  found  that  after  the  subcutaneous  in- 
jection of  a  solution  prepared  from  two  fresh  hypophyses  of  a 
horse  into  a  rabbit  the  animal  had  paresis  of  the  posterior  extrem- 
ities, then  of  the  anterior  extremities,  marked  dyspnoea,  with 
evacuation  of  urine  and  feces.  The  animals  died  in  twenty-four 
to  thirty-six  hours.     When  he  made  the  test  for  the  epinephrin 

"  Wien.  Klin.  Wochenschr.,  p.  984,  1909. 
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present  by  the  rise  of  the  blood  pressure  none  was  found  in  the  ad- 
renals. He  found  horse's  pancreas,  thyroid  and  adrenals  gave  the 
same  result.  Muscle  and  liver  were  considerably  less  toxic,  but 
there  was  no  epinephrin  in  the  adrenals.  The  injection  at  intervals 


Fig.  1.  Effect  of  Iodothyrin  Per  Jugular  upon  Amount  of  Epinephrin 

IN  THE  Blood 
N.B.,  normal  blood;  I.B.,  iodothyrin  blood.     Time,  in  four  seconds. 

of  horse  serum  from  one  and  one-half  to  two  months  in  a  rabbit,  in 
order  to  obtain  a  precipitating  serum,  caused  the  epinephrin  to 
be  absent  from  the  adrenals.  He  believes  his  experiments  prove 
that  foreign  albumen  is  a  poison,  and  when  given  in  lethal  doses 
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by  subcutaneous  injection  influences  in  a  very  intense  negative 
way  the  chromaffine  system. 

In  the  case  of  the  thyroid,  pineal,  thymus,  pancreas,  ovary, 


Fig.  2.    Effect  of  Infundibulin  (20  per  cent  Extract  op  the   Posterior 

Part  of  the  Pituitary)  upon  the  Amount  of 

Epinephrin  in  the  Blood 


orchitic  extract  and  parathyroid,  we  boiled  them  and  their  solution 
was  filtered  through  paper  whilst  hot.     Heller's  nitric  acid  ring 
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test  showed  no  albumen  in  the  filtrate.  In  some  cases  we  added 
0.059  cc.  of  dilute  acetic  acid  with  a  little  sodium  chloride,  and 
then  boiled  the  extract  and  filtered.  The  first  filtrate  was  taken 
and  contained  no  albumen  when  tested  by  Heller's  ring  test. 
Infundibulin  does  not  contain  albumen. 

The  antithyroid  serum  of  Moebius  (Merck)  when  given  in  doses 
of  0.177  cc.  by  the  jugular  causes  an  excess  of  epinephrin  in  the 
blood. 

Diphtheria  antitoxin  made  chiefly  of  globulins,  in  doses  of 
0.354  cc.  by  the  jugular,  caused  an  epinephrin  effect  upon  the 
intestine. 

Diphtheria  antitoxin  serum  gave,  in  doses  of  0.118  to  0.354cc. 
by  jugular,  a  marked  epinephrin  reaction,  which  persisted  for  a 
half-hour  afterwards. 

We  found  that  0.118  cc.  of  egg  albumen  (fig.  3)  by  the  jugular 
gave  a  marked  epinephrin  reaction.  The  same  was  true  of  pep- 
tones (fig.  4) .  The  albumen  of  muscle  extract  and  liver  extract  also 
gave  an  increase  of  epinephrin  in  the  blood.  Hence  we  can  draw  the 
conclusion  that  foreign  albumens  increase  the  amount  of  epinephrin 
in  the  blood.  But  our  glandular  extracts  were  free  of  albumen,  as 
far  as  Heller's  ring  test  goes.  lodothyrin  and  infundibulin  being 
free  of  albumen,  and  nearer  a  state  of  chemical  purity,  we  can 
infer  that  they  stimulate  the  adrenals  to  increased  activity.  As 
to  the  other  extracts  we  can  not  state  whether  it  is  due  to  a  hor- 
mone or  to  some  protein  which  causes  an  increase  of  epinephrin  in 
the  blood.  We  will  have  to  wait  until  the  chemists  can  produce 
the  hormones  in  a  state  of  purity.  Some  of  these  glands  contain 
cholin,  which  increases  the  amount  of  epinephrin  in  the  blood, 
according  to  recent  experiments  by  us. 

Pettit  and  Girard^^  found  that,  in  a  horse  used  in  the  prepara- 
tion of  antitoxin  for  diphtheria,  the  adrenals  were  in  a  state  of 
general  excessive  secretory  activity,  especially  marked  at  the 
level  of  the  fasciculate  layer  and  the  medulla,  with  slight  fatty 
degeneration. 

Pettit  and  Girard^^  found  in  the  horse  who  served  many  years 

12  Compt.  rend,  de  la  Soc.  de  Biol.,  p.  272,  1905. 
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in  the  production  of  antidiphtheritic  and  pest  sera  the  hypophysis 
was  the  seat  of  a  sUght  fatty  degeneration  with  vascular  congestion 
and  an  active  proHferation  of  cells. 


Fig.  3.    Effect  of  0.118  C.C.  of  Egg  Albumen  upon  the  Amount  of  Epi- 

NEPHRIN  IN   THE   BlOOD,    ThIRTY  MiNUTES  AfTER   THE 

Injection  per  Jugular 

Perrier^'  also  confirms  this  statement  as  regards  the  horse's 
adrenals  in  the  production  of  the  antitoxin  for  diphtheria. 

'*  Perrier,  Th^se  pour  le  Doctorat  en  M^decine,  p.  39,  1909. 
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That  removal  of  a  gland  is  followed  by  extensive  changes  in 
many  other  glands  has  been  shown  by  Ascoli  and  Jegnani/*  who 
found,  after  removal  of  the  hypophysis  in  dogs,  changes  in  the 


Fia.  4.  Effect  of  0.0848  Gram  of  Peptone  (Merck)  upon  the   Content  of 
EpiNephrin  in  the  Blood. 

testicle, which  did  not  develop.  There  were  no  spermatozoa,  the 
ovary  remained  in  the  state  of  primitive  follicles,  the  spleen  was 
small,  while  no  Malpighian  bodies  were  seen,  the  thymus  was  only 

"Munche.  Med.  Wochenschr.,  no.  10,  p.  518,  March  5,  1912. 
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one-fifth  to  one-sixth  its  normal  weight,  the  lobes  had  disappeared, 
the  tissue  was  loose,  the  lymphoid  elements  scarce,  the  separation 
between  the  cortex  and  medulla  was  lost,  the  concentric  corpuscles 
were  numerous  and  confluent.  The  thyroid  had  no  marked 
microscopic  changes,  except  it  was  small,  atrophic  and  the  epithe- 
lium was  flattened.  The  adrenals  contained  hemorrhages.  The 
cortex  of  the  normal  adrenal  has  the  glomerular,  fascicular  and 
reticulated  zones,  whilst  in  the  operated  animal  there  was  no  differ- 
entiation of  the  two  inner  zones;  they  were  as  one,  their  cells 
enlarged  and  coarse,  filled  with  drops  of  fat  and  lipoid  bodies. 
Here  are  five  glands  affected  by  the  removal  of  one. 

The  removal  of  the  hypophysis  causes  changes  in  the  formation 
of  the  lipoids  of  the  adrenal  cortex. 

It  is  evident  that  the  glands  with  an  internal  secretion  are  close- 
ly interlocked  in  function  and  that  a  diminution  or  an  excess  of 
activity  in  one  is  followed  by  anatomical  and  functional  changes' 
in  several  others. 

That  several  glands  increase  a  secretion  was  well  illustrated  in 
that  of  milk,  where  we  have  five-infundibulin,  thymus,  pineal,  corpus 
luteum  and  mammarj'.  Each  one  of  these  greatly  augments  the 
secretion  of  milk  when  a  solution  of  them  is  injected  per  jugular 
in  the  goat.^^ 


"Ott  and  Scott,  Therapeutic  Gazette,  October,  1911. 
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1.    THE  TOXIC  DOSE   (SUBCUTANEOUS  ADMINISTRATION) 

The  experiments  which  are  about  to  be  described  were  under- 
taken, in  the  first  place,  in  order  to  ascertain  whether  it  is  possible 
to  accustom  an  animal  to  citrates  by  repeated  administrations, 
so  that  an  otherwise  highly  toxic  or  even  lethal  dose  fails  to 
produce  symptoms  of  intoxication.  In  the  course  of  this  investi- 
gation certain  interesting  features  in  the  action  of  sodium  citrate 
were  observed  and  interpreted  in  the  light  of  further  experiments 
which  are  also  described  in  this  paper. 

In  order  to  accomplish  the  prime  object  of  the  investigation, 
however,  it  was  obviously  necessary  to  ascertain  the  magnitude 
of  a  dose  which  may  be  safely  regarded  as  being  invariably  toxic 
for  a  normal  animal.  Accordingly  the  following  experiments 
were  undertaken: 

Doses  consisting  of  5,  10  or  15  cc.  of  M/1  sodium  citrate^ 
were  administered  subcutaneously  to  rabbits  with  the  following 
results : 


'  The  sodium  citrate  employed  in  all  of  the  experiments  was  Kahlbaum's  tri- 
sodium  citrate. 

6^ 
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.      TABLE 

1 

DATE  OP 

RABBIT 

WEIGHT 

DOSE  OF  AN 

SYMPTOMS 

ADMINISTRATION 

M/1  SOLUTION 

number 

grams 

CC. 

October  23 

1 

3250 

10 

Very  severe 

October  25 

2 

10 

Severe 

October  28 

3 

3120 

5 

None 

October  28 

3 

3120 

15 

Severe 

October  28 

4 

1850 

15 

Very  severe  (Death) 

October  28 

5 

2500 

10 

None 

October  29 

6 

2600 

5 

Slight 

October  29 

7 

2000 

5 

Slight 

November  1 

8 

15 

Severe 

November  1 

1 

3250 

10 

Very  Severe 

November  1 

9 

5. 

None 

November  1 

10 

5 

None 

November  1 

11 

5 

None  (on  repeating  the 
dose  on  the  following 
day  moderate  symp- 
toms were  observed). 

It  is  evident  that  the  resistance  of  different  animals  to  intoxi- 
cation by  subcutaneous  administration  of  sodium  citrate  is  very 
variable  and  bears  no  definite  relation  to  their  weight.  A  dose 
of  5  CC.  of  an  M/1  solution,  however,  fails  to  produce  severe 
symptoms;  10  cc.  of  an  M/1  solution  generally  produces  severe 
symptoms,  while  15  cc.  of  an  M/1  solution  produces  severe 
symptoms  or  even  death.^ 


2.    TOLERANCE    TO    SODIUM    CITRATE    ACQUIRED    AS    A    RESULT    OF 
REPEATED   ADMINISTRATIONS 

Three  rabbits,  weighing  respectively  2350,  2900  and  2250  grams, 
received  gradually  increasing  subcutaneously  administered  doses 
of  sodium  citrate  daily.     The  following  were  the  results  observed : 

2  We  may  compare  these  doses  with  the  minimum  lethal  dose  of  tri-sodium 
citrate  for  rabbits  determined  by  Sabbatani  (Arch.  Ital.  de  Physiol.  44,  1905,  p. 
406)  who  administered  the  citrate  intravenously.  According  to  this  investigator 
the  minimal  lethal  dose  is  0.0044  gram — equivalents  per  kilogram  body-weight, 
corresponding  with  13  cc.  of  an  M/l  solution  for  an  animal  weighing  3000  grams. 
Administering  per  os  Mitscherlich  (cited  after  von  Vietinghoff-Scheel,  Arch. 
Internat.  de  Pharmacodynamic  10,  1902,  p.  154)  found  about  5  grams  of  citric 
acid  to  be  a  fatal  dose  for  rabbits,  corresponding  with  26  cc.  of  an  M/1  solution  of 
tri-sodium  citrate. 


ACTION   OF   SODIUM   CITRATE   UPON   MAMMALIA 


637 


TABLE  2 


ANIMAL  WElaaiNG 

DATE 

STHPTOm 

2350 

graniR 

2900  grams 

2250 

grams 

dose 

dose 

dose 

October  11 

occ. 

M/6 

5cc.  M/6 

5cc. 

M/6 

None 

October  12 

5cc. 

M/6 

occ.  M/6 

5cc. 

M/6 

None 

October  13 

5cc. 

M/6 

5cc.  M/6 

occ. 

M/6 

None 

October  14 

5cc. 

M/6 

5cc.  M/6 

5cc. 

M/6 

None 

October  15 

lOcc. 

M/6 

lOcc.  M/6 

lOcc. 

M/6 

None 

October  16 

lOcc. 

M/6 

lOcc.  M/6 

lOcc. 

M/6 

None 

October  17 

lOcc. 

M/6 

lOcc.  M/6 

lOcc. 

M/6 

None 

October  18 

lOcc. 

M/6 

lOcc.  M/6 

lOcc. 

M/6 

None 

October  19 

20cc. 

M/6 

20cc.  M/6 

20cc. 

M/6 

None 

October  20 

20cc. 

M/6 

20cc.  M/6 

20cc. 

M/6 

None 

October  21 

20cc. 

M/6 

20cc.  M/6 

20cc. 

M/6 

None 

October  22 

20cc. 

M/6 

20cc.  M/6 

20cc. 

M/6 

None 

October  23 

lOcc. 

M/1 

lOcc.  M/1 

lOcc. 

M/1 

None 

October  24 

lOcc. 

M/1 

lOcc.  M/1 

lOcc. 

M/1 

None 

October  25 

(Experiment 

discontinued) 

lOcc.  M/l 

lOcc. 

M/1 

None 

October  26 

lOcc.  M/1 

lOcc. 

M/1 

None 

October  27 

lOcc.  M/1 

lOcc. 

M/1 

None 

October  28 

15cc.  M/1 

15cc. 

M/1 

Slight 

October  29 

15cc.  M/1 

15cc. 

M/1 

None 

October  30 

15cc.  M/1 

15cc. 

M/1 

None 

October  31 

15cc.  M/1 

15cc. 

M/1 

None 

November  1 

(Experiment 

discontinued) 

15cc. 

M/1 

None 

It  is  evident  that  as  a  result  of  administering  repeated  and 
gradually  increasing  dcses  of  sodium  citrate  these  animals  ac- 
quired such  a  pronounced  degree  of  tolerance  for  the  drug  that  a 
dose  (15  CO.  M/1)  which  normally  causes  extremely  severe  symp- 
toms of  intoxication,  or  even  death,  causes  either  very  slight 
symptoms  or  else  no  symptoms  of  intoxication  at  all.' 

An  endeavor  to  accelerate  the  attainment  of  this  tolerance  by 
increasing  the  dose  somewhat  more  rapidly  yielded  results  which 
were  not  so  striking  as  the  above,  but  which  nevertheless'  pointed 


'  It  is  perhaps  almost  unnecessary  to  state  that  the  food  supplied  to  all  of  ani- 
mals experimented  upon  was  the  same,  to  wit  oats,  alfalfa  and  carrots.  The 
amount  of  calcium  (cf.  below)  in  the  diet  of  the  tolerant  animals  was  therefore 
the  same  as  that  in  the  diet  of  the  normal  animals. 
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very  clearly  in  the  same  direction.  These  results  were  also 
complicated  by  the  fact  that  the  citrate  solution  and  consequently 
the  animals  became  infected  towards  the  end  of  the  experi- 
ment. The  animals  which  were  employed  in  this  experiment 
were  not  weighed.  They  were,  however,  of  medium  size  (2500 
to  3000  grams) .     The  following  were  the  results  obtained : 


TABLE  3 


ANIMAL 

DATE 

SYMPTOMS 

No.  12           No.  9 

No.  10 

No.  11 

dose               dose        !        dose 

dose 

October  28 

5cc.  M/6                  : 

None 

October  29 

5cc.  M/6 

None 

October  30 

5cc.  M/6i 

None 

October  31 

5cc.  M/el 

None 

November  1 

5cc.M/l{5cc.M/l 

5cc.  M/1 

5cc.  M/1 

None 

November  2 

5cc.  M/1 

5cc.  M/1 

5cc.  M/1 

5cc.  M/1 

No.  11  displayed  mod- 
erate symptoms,   the 

others  none. 

November  3 

5cc.  M/1 

5cc.  M/1 

5cc.  M/1 

5cc.  M/1 

None 

November  4 

5cc.  M/1 

5cc.  M/1 

5cc.  M/1 

5cc.  M/1 

None 

November  5 

5CC.M/1 

5cc.  M/1 

5cc.  M/1 

5cc.  M/1 

None 

November  6 

5cc.  M/1 

5cc.  M/1 

5cc.  M/1 

5cc.  M/1 

None 

November  7 

5cc.  M/1 

5cc.  M/1 

5cc.  M/1 

5cc.  M/1 

None 

November  8 

lOcc.M/UOcc.M/l 

lOcc.M/1 

lOcc.M/1 

No.    11    severe,    No.    9 

slight,    others    none. 

November  9 

lOcc.M/llOcc.M/1 

lOcc.M/1 

lOcc.M/1 

No.  12  severe.  No.  10 
severe,    others    none. 

November  10. .  .  . 

lOcc.M/llOcc.M/1 

lOcc.M/1 

lOcc.M/1 

No.  9  and  No.  10  severe, 

others  none. 

November  11. .  .  . 

lOcc.M/lllOcc.M/1 

lOcc.M/1 

lOcc.M/1 

None 

November  12. . .  . 

lOcc.M/UOcc.M/l 

lOcc.M/1 

lOcc.M/1    No.  10  and  No.  11  slight, 

others  none. 

November  13. . .  . 

lOcc.M/llOcc.M/1 

lOcc.M/1 

lOcc.M/1 

No.  9  slight,  others  none. 

November  14. . .  . 

lOcc.M/llOcc.M/1 

lOcc.M/1 

lOcc.M/1 

None 

On  November  15  no.  12  was  found  dead.  Examination  showed 
that  this  animal  was  suffering  from  a  pulmonary  infection  and 
that  the  other  animals  were  all  suffering  from  extensive  subcu- 
taneous infections  in  the  neighborhood  of  injection;  the  animals 
were,  moreover,  all  in  very  poor  condition.  The  experiment 
was  therefore  discontinued.     It  is  evident,  however,  that  these 
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animals  had  acquired  a  very  considerable  degree  of  tolerance 
to  sodium  citrate  during  the  course  of  the  experiment,  although 
this  tolerance  was  not  nearly  so  marked  as  it  was  in  the  experi- 
ments enumerated  in  Table  2. 

It  has  been  shown  by  Loeb,-*  Friedenthal,^  Sabbatani,^  Zoe- 
thout,^  Garrey^  and  others  that  the  toxic  action  of  citrates  and 
other  calcium-precipitants  may  be  referred  to  their  power  of 
diminishing  the  concentration  of  calcium  ions  in  the  tissues  by 
converting  the  calcium  into  a  non-ionic  form.  The  evidence 
for  this  thesis  may  be  briefly  summarised  as  follows: 

1 .  The  soluble  salts  of  acids  which  form  non-ionised  salts  of 
lime  have  a  characteristic  action  upon  neuro-muscular  tissue 
irrespective  of  whether  calcium  is  actually  precipitated  or  not. 
This  action  is  inhibited  by  excess  of  soluble  calcium  salts.  The 
action  (production  of  hypersensibility  in  nerves,  of  rhythmic 
twitchings  in  muscles)  may  also  be  brought  about,  in  a  less 
marked  degree,  by  solutions,  such  as  pure  NaCl  solution,  which 
decrease  the  relative  or  actual  proportion  of  calcium  in  tissues 
through  replacing  it  by  salts  of  other  bases.  This  action  is  also 
inhibited  by  calcium.  Hence  the  inhibiting  effect  of  excess  of 
soluble  calcium  upon  the  action  of  calcium-precipitants  is  not 
merelj^  due  to  withdrawal  of  the  calcium-precipitant  from  the 
tissue,  but  to  partial  or  complete  replacement  of  calcium  in 
the  tissue  which  has  been  robbed  of  calcium  (Loeb,  Zoethout, 
Garrey,  etc.). 

2.  Different  soluble  salts  of  acids  which  form  non-ionised  salts 
of  calcium  have  a  similar  and  equal  effect  upon  animals  when 
administered  in  equimolecular  doses.  The  sodium  salts  of  acids 
of  the  fatty  series  which  precipitate  calcium  exert  the  charac- 
teristic action  of  other  calcium-precipitants,  while  the  sodium 

*  J.  Loeb:  Festschr.  f.  Prof.  Fick  Braunschweig,  1899,  p.  101;  Univ.  of  Chicago 
Decennial  Publ.,  10,  1902,  p.  3;  Amer.  Journ.  of  Physiol.,  1901,  p.  362. 

*  H.  Friedenthal:  Verhandl.  der  Berl.  physiol.  Ges.,  Nov.  1900,  Arch.  f.  (Anat. 
und)  Physiol.,  1901  p.  145. 

*  L.  Sabbatani:  Arch.  Ital.  de  Biol.,  36,  1901,  p.  416;  39,  1903,  p.  333;  44,  1905 
p.  361. 

^  W.  D.  Zoethout:  Amer.  Journ.  of  Physiol.,  7,  1902.  p.  320;  10,  1904,  p.  324. 
» W.  E.  Garrey.  Amer.  Journ,  of  Physiol.,  13,  1905,  p.  186. 
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salts  of  acids  of  this  series  which  do  not  precipitate  Hme  (e.  g., 
butyric  acid)  do  not  exert  this  action  (Friedenthal) . 

3.  The  lethal  doses,  for  rabbits,  of  the  sodium  salts  of  various 
acids  which  de-ionise  calcium  are  directly  proportional  to  the 
concentrations  of  these  salts  which  are  required  to  prevent  the 
coagulation  of  blood,  and  inversely  proportional  to  the  solubilities 
of  their  calcium  salts  (Sabbatani). 

We  may  therefore  regard  the  tolerance  to  sodium  citrate  which, 
as  we  have  seen,  may  be  established  in  rabbits  by  repeated 
administrations,  as  consisting,  essentially,  in  tolerance  to  depriva- 
tion of  tissue-calcium,  and  the  possibiUty  is  indicated  that  the 
sensitiveness  of  tissues  to  lack  of  calcium  is  partly  a  phenomenon 
of  "Unterschiedsempfindlichkeit," — a  function  of  the  suddenness 
with  which  calcium  is  withdrawn  as  well  as  of  the  absolute  amount 
of  which  the  tissues  are  deprived.  Just  as  an  organism  can 
accustom  itself  to  several  different  ''nitrogen  levels"  and  main-' 
tain  nitrogen  equilibrium  at  different  periods  with  very  different 
nitrogen  outputs,  so  we  may  imagine  that  the  tissues  affected 
by  sodium  citrate  can  function  at  various  ''calcium  levels," 
provided  that  the  transition  from  a  higher  level  to  a  lower  is 
sufficiently  gradual.  In  this  connection  we  may  cite  the  obser- 
vation of  Bottazzi,^  Friedenthal  and  Sabbatani  that  the 
lethel  dose  (intravenous  inj  ection)  of  a  calcium-precipitant  is  greatly 
augmented  if  it  is  slowly  injected,  and  diminished  if  it  is  rapidly 
injected.  On  the  other  hand  it  is  possible  that  the  tolerance  to 
deprivation  of  tissue-calcium  which  is  brought  about  by  repeated 
administrations  of  sodium  citrate  is  due  to  the  dissolution  of 
reserves  of  calcium  which  are  ordinarily  untouched  but  which, 
under  the  influence  of  repeated  administrations  of  citrate,  become 
available  to  partially  replace  the  calcium  as  rapidly  as  it  is  with- 
drawn by  a  fresh  dose  of  citrate.  From  this  point  of  view  we 
may  cite  the  observations  of  Martin,^"  Guenther^^  and  Bancroft^- 

'  F.  Bottazzi:  Riv.  di  Scienze  biologiche,  2,  1900;  cited  after  Sabbatani,  Arch. 
Ital  de  Biol.,  44,  1905,  p.  361. 

10  Martin:  Amer.  Journ.  of  Physiol.,  11,  1904,  p.  103. 

"  A.  E.  Guenther:  Amer.  Journ.  of  Physiol.,  14,  1905,  p.  73. 

1*  F.  W.  Bancroft:  Journ.  of  Physiol.,  39,  1909,  p.  15. 
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who  adduce  evidence  in  favour  of  the  view  that  under  certain 
conditions,  in  muscular  tissue,  a  spontaneous  conversion  of  cal- 
cium from  an  unavailable  to  an  available  form  may  occur.  The 
fact  that  prolonged  administration  of  at  least  one  calcium  pre- 
cipitant, to  wit  oxalic  acid,  leads  to  a  pronounced  diminution 
in  the  content  of  lime  in  the  bones^'  may  also  be  of  importance 
in  this  connection. 

Yet  another  explanation  which  may  be  suggested  is  that 
tolerant  animals  have  acquired  unusual  power  to  oxidise  the 
citrate  and  render  it  harmless.  In  view  of  the  rapidity  with 
which  intoxication  normally  occurs  after  administration,  how- 
ever, this  explanation  would  appear  somewhat  improbable. 

3.    THp    SYMPTOMS   OF   ACUTE   INTOXICATION   BY    SODIUM    CITRATE 

The  symptoms  of  acute  sodium  citrate  intoxication  in  Mice, 
Guinea-pigs  and  Rabbits  are  described  by  von  Vietinghofif-Scheel" 
as  consisting  in  muscular  tremors  and  fibrillar  contractions, 
clonic  and  tonic  convulsions,  tetany,  saUvation,  paresis  and  dys- 
pnoea, followed,  in  the  case  of  lethal  doses,  by  depression  and 
collapse.  Pommer  (cited  after  von  Vietinghoff-Scheel)  observed 
acceleration  of  the  respiratory  movements,  and  MitscherUch 
(cited  after  Vietinghoff-Scheel)  observed  convulsions,  "vibra- 
tions" of  the  skeletal  muscles  and  opisthotonus. 

In  human  beings  the  symptoms  of  acute  citrate  intoxication 
are  described  by  Lewin^*  as  consisting  in  headache,  giddiness, 
neuralgia  and  epileptiform  convulsions.  Kionka  (cited  after 
Kobert,  loc.  cit.)  describes  a  case  in  which  death  occurred  without 
convulsions,  but  he  also  points  out  that  the  administration  of  a 
very  large  dose  to  rabbits  (per  os)  may  also  lead  to  collapse  and 
death  without  preliminary  convulsions,  while  the  administration 
of  a  smaller,  but  still  lethal  dose  leads  to  maiked  convulsions. 

In  the  course  of  the  experiments  described  above  we  had  many 

"  W.  Caspari:  Biedermann's  Centralbl.  f.  Agricultur-chemie,  26,  p.  529. 
Cited  after  Maly's  Jahresber.  der  Tier-chemie,  27  (1897),  p.  711. 

"  E.  F.  von  Vietinghoff-Scheel:  Arch.  Internat.  de  Pharmacodynamie  et  de 
Therapie,  10,  1902,  p.  145. 

"  Cited  after  R.  Kobert:  Lehrbuch  der  Intoxikationen,  2te  Aufl.,  Bd.  I,  p.  113. 
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opportunities  of  observing  the  symptoms  of  acute  citrate-in- 
toxication in  rabbits.     The  following  is  a  typical  experiment: 

A  rabbit  (no.  1,  October  23,  table  1)  received  10  cc.  M/1 
sodium  citrate  solution  subcutaneously  at  12.35  p.  m.  At  12.55 
p.m.  nodding  movements  of  the  head  and  chewing  movements 
of  the  jaws  were  observed.  The  animal  was  now  placed  upon 
the  floor.  It  made  a  series  of  vigorous  movements  in  which 
decided  lack  of  coordination  was  displayed.  In  jumping  for- 
wards the  hind  legs  were  thrust  out  vigorously,  but  instead  of 
the  usual  quick  flexion  they  were  then  dragged  along  in  an  ex- 
tended position.  The  left  limbs  seemed  to  be  weaker  than  the 
right  (the  left  was  the  side  upon  which  the  injection  was  made) 
and  this  gave  rise  to  movements  in  a  circle  to  the  left.  Occasion- 
ally the  left  side  seemed  to  give  way,  and  the  rabbit  would  partly 
roll  over  to  the  left.  The  whole  series  of  movements  were  dis- 
orderly. Finally  the  animal  became  quiet  and  lay  inclined  to 
the  right.  Eighty  minutes  after  the  injection  the  animal  ap- 
peared to  have  completely  recovered. 

Characteristic  symptoms  which  were  displayed  by  this  and 
the  other  animals  experimeAted  upon  were  the  following: 

1.  The  forward  thrust  of  the  fore-limbs,  which  were  usually 
stretched  out  in  front  of  the  animal  and  became  rigid  on  thrusting 
them  or  pinching  the  muscles  of  the  upper  part  of  the  limb. 

2.  The  hind  legs  were  dragged  behind  in  an  extended  position, 
an  attitude  which  was  not  due  to  paralysis  of  these  limbs  but  to 
predominance  of  the  extensors.  On  pinching  the  muscles  of  the 
upper  part  of  the  hind  limb  the  limb  would  exhibit  tetanic  rigidity. 

3.  The  head  was  drawn  back  in  a  strained  position  and  ex- 
hibited nodding  and  rolling  movements. 

4.  Symptoms  of  increased  secretion  in  various  glands,  such 
as  the  salivary  glands,  and  increased  secretion  in  the  bronchial 
mucous  membranes  as  evidenced  by  marked  coarse  rales. 

5.  Quiverings  of  the  skeletal  muscles,  particularly  those  of 
the  jaws. 

6.  Chewing  movements  of  the  jaws. 

These  symptoms  were  supplemented  in  the  later  stages  of 
intoxication  by  the  following: 
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7.  Loss  of  sensibility  and  absence  of  reflexes. 

8.  Dyspnoea. 

These  symptoms  point  very  clearly  to  excitation  of  the  central 
nervous  system.  Moreover  our  colleague,  Dr.  S.  S.  Maxwell, 
to  whom  our  sincere  thanks  are  due,  pointed  out  to  us  that  the 
symptoms  involve  loss  of  co-ordination  and  equilibrium  to  so 
marked  a  degree  as  to  strongly  suggest  that  many  of  the  symp- 
toms of  acute  citrate-intoxication  may  be  directly  attributable 
to  excitation  of  the  cerebellum.  Accordingly  the  following  experi- 
ments were  undertaken  with  a  view  to  ascertaining  to  what 
extent  the  characteristic  symptoms  enumerated  above  could  be 
eUcited  by  local  application  to  the  cerebellum. 

4.    THE   ACTION   OF   SODIUM   CITRATE  UPON   THE    CEREBELLUM 

Sabbatani  (loc.  cit.),  Roncorini,^^  Regoli^^  Maxwell^^  and 
Robertson^ ^  have  applied  calcium-precipitants  directly  to  various 
parts  of  the  central  nervous  system  other  than  the  cerebellum. 
Sabbatani  obtained  intense  excitation  and  violent  tetany  on 
applying  sodium  citrate  to  the  spinal  cord.^"  Roncorini  and 
Regoli  observed  an  increase  in  the  excitability  of  the  cerebral 
cortex  (or,  as  Maxwell's  experiments  show,  of  the  underlying 
white  matter)  on  applying  calcium  precipitants.  Maxwell  found 
that  application  of  citrate  to  the  cerebral  cortex  in  rabbits,  or 
its  injection  into  the  cortex  itself  was  without  effect,  but  imme- 
diately, whether  by  diffusion  or  by  direct  injection,  the  calcium- 
precipitant  reached  the  underlying  white  matter,  convulsive  move- 
ments were  observed.  Robertson  obtained  analogous  results  in 
applying  sodium  oxalate  or  oxalic  acid  to  the  medulla  in  frogs. 

As  regards  the  effects  of  stimulating  the  cerebellum  the  follow- 
ing results,  obtained  by  previous  observers,  may  be  cited.  Pagano^^ 

"  L.  Roncorini:  Arch.  d.  Psichiatria,  24,  1903;  cited  after  Sabbatani,  loc.  cit. 

"  P.  Regoli:  Boll,  della  Soc.  tra  i  cultori  di  Sc.  Med.  Nat.  in  Cagliari,  1899- 
1900,  p.  151;  cited  after  Sabbatani,  loc.  cit. 

"  S.  S.  Maxwell:  Journ.  Biol.  Chem.,  2,  1906,  p.  183. 

'»  T.  Brailsford  Robertson:  Arch.  Internat.  de  Physiol.,  6,  1908,  p.  388. 

2"  A  result  also  obtained  by  Garrey  (loc.  cit.)  working  upon  Frogs. 

"  G.  Pagano:  Arch.  Internat.  de  Physiol.,  2,  1894,  p.  134;  Revista  di  Patologia 
nervosa  e  mentale,  9,  p.  209;  cited  after  van  Rynberk  (cf.  below). 
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injected  0.1  cc.  of  a  1  per  cent  solution  of  curare  into  various 
regions  of  the  cerebellum  of  dogs.  Injection  into  the  anterior 
portion  of  the  worm  caused  the  dog  to  spring  forward,  barking 
and  howling.  The  dog  leapt  into  the  air,  ran  against  the  wall, 
attempted  to  bite,  appeared  the  victim  of  all  sorts  of  hallucina- 
tions and  exhibited  a  veritable  ''motor  delirium." 

Nothnagel  in  1876^2  made  a  number  of  ''mechanical  excitation" 
experiments  upon  the  cerebellum  of  the  rabbit.  He  injured  var- 
ious portions  of  the  cerebellum  with  a  needle  and  obtained  rhyth- 
mical up  and  down  movements  of  the  forefeet,  clapping  together 
of  the  jaws  and  opisthotonus. 

Beck  and  Bikeles^^  applied  pieces  of  paper  soaked  in  1  per 
cent  and  2  per  cent  strychnin  solution  upon  various  parts  of 
the  cerebellum,  with  negative  results.  They  also  obtained  nega- 
tive results  in  applying  1  per  cent  or  3  per  cent  phenol  solutions 
in  a  similar  manner.  They  conclude  that  "die  Kleinhirnrinde 
als  solche  nicht  erregbar  ist." 

Our  own  experiments  follow: 

FIRST  EXPERIMENT 

The  surface  of  the  cerebellum  in  a  rabbit  was  exposed  and  the 
adhering  dura  mater  carefully  removed.  After  allowing  about 
three  hours  to  elapse,  in  order  to  enable  the  animal  to  recover 
from  the  effects  of  the  anaesthetic,  a  cotton  plug  drenched  in 
M/6  sodium  citrate  solution  was  applied  directly  to  the  surface 
of  the  cerebellum.  No  effect  was  observed  after  ten  minutes. 
A  fresh  cotton  plug  was  then  applied  which  had  been  drenched 
in  M/1  sodium  citrate;  no  effects  were  observed  after  fifteen 
minutes. 

We  now  injected  1  to  2  drops  of  M/6  sodium  citrate  solution 
a  few  millimeters  below  the  surface  of  the  cerebellum  on  the  left 
side.  Instantly  the  animal  dashed  forward  and  performed  a 
series  of  violent  running  and  leaping  movements  accompanied 
by  rotation  to  the  left.     The  animal  then  leapt  3  feet  into  the 

"  Cited  after  van  Rynberk:  Ergeb.  d.  Physiol.,  7,  1908,  p.  681. 
2*  Beck  and  Bikeles:  Zentr.  f.  Physiol.,  25,  1911,  p.  1066. 
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air  and  fell  fiat  upon  its  left  side.  After  a  brief  period  of  rigid 
extension  very  characteristic  pawing  movements  of  the  fore- 
legs were  observed.  Within  thirty  seconds  the  animal  had  appar- 
ently recovered  completely,  exhibiting  no  symptoms  whatever 
beyond  a  slight  restlessness. 

After  a  lapse  of  some  five  minutes  we  gave  the  animal  a  second 
injection,  this  time  of  from  0.2  to  0.5  cc.  on  the  right  side  of  the 
cerebellum.  The  animal  gave  a  short  rush  forward,  curving  to 
the  right,  and  instantly  fell  upon  its  right  side  with  violent  leaping 
movements.  Transient  tetany  and  opisthotonus  then  occurred, 
followed  by  violent  pawing  movements  of  the  fore-  and  hind- 
legs  which  persisted  until  death,  the  left  fore-leg  being  crossed 
over  the  right.  The  animal  suffered  from  marked  dyspnoea. 
When  laid  upon  its  left  side  it  turned  over  and  fell  upon  its 
right  side.  In  seven  minutes  respirations  and  the  heart-beat 
ceased.  Within  six  minutes  after  death  pronounced  rigor  mortis 
had  set  in. 

From  this  experiment  it  is  evident  that,  as  in  Maxwells'  experi- 
ments upon  the  cerebral  cortex  and  the  experiments  of  Beck 
and  Bikeles  cited  above,  the  cortex  of  the  cerebellum  is  not 
affected  by  nerve-stimulants,  while  the  application  of  the  stimu- 
lant to  the  underlying  white  mattei  leads  to  a  profound  reaction. 

SECOND   EXPERIMENT 

The  following  experiment  confirms  the  above  and  also  shows 
that  the  effects  observed  were  not  due  to  the  mechanical  lesion 
produced  by  the  injection  of  the  citrate  into  the  cerebellar  white 
matter. 

The  surface  of  the  cerebellum  in  a  rabbit  was  exposed  and  the 
adhering  dura  mater  carefully  removed.  After  allowing  several 
hours  to  elapse  about  2  drops  of  Ringer-solution  were  injected 
a  few  millimeters  below  the  surface  of  the  cerebellum  near  the 
middle  and  a  little  towards  the  left.  No  effect  whatever  was 
observed  after  five  minutes. 

We  now  injected  4  drops  of  M/6  sodium  citrate  a  few  milli- 
meters below  the  surface  of  the  cerebellum  on  the  left  side. 
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The  animal  instantly  dashed  forward,  carved  to  the  left,  and  fell 
on  the  right  side.  Convulsive  movements,  tetany  and  slight 
opisthotonus,  lasting  about  fifteen  to  thirty  seconds,  were  fol- 
lowed by  typical  pawing  movements  of  the  legs  as  in  the  previous 
experiment.  The  respirations  became  very  rapid,  in  three  min- 
utes after  the  injection  the  rate  being  168  per  minute.  The 
hind-legs,  when  touched  or  pushed,  became  rigid  and  ceased 
'^ pawing."  The  breathing  and  the  pawing  movements  were 
synchronous.  There  was  no  forced  position  of  the  eyes.  "When 
placed  upon  its  left  side  the  animal  did  not  turn  over.  In  six 
minutes  moist  rales  were  heard  in  the  throat  and  the  pawing 
movements  were  becoming  weak. 

In  twelve  minutes  the  respirations  were  116  per  minute;  the 
rales  had  ceased  and  the  pawing  movements  had  stopped;  the 
animal  was  still  prone  and  exhibited  marked  loss  of  sensibility. 
On  thrusting  a  fore-foot  very  shghtly,  it  became  rigid  for  from 
ten  to  fifteen  seconds  and  then  was  sharply  pulled  away  and 
braced  up  against  the  side. 

In  seventeen  minutes  the  reflexes  began  to  re-appear.  The 
animal  was  now  able  to  rest  upon  the  floor  with  the  fore-paws 
both  upon  the  ground  and  the  hind-legs  extended.  We  now  were 
able  to  observe  a  very  marked  tendency  for  the  head  to  slew 
round,  rotating  around  a  horizontal  antero-posterior  axis  to  the 
left  (the  side  of  injection)  and  around  a  vertical  axis  to  the  right. 
This  was  repeated  again  and  again,  even  when  the  animal  was 
placed  in  a  semi-prone  position  upon  its  right  side.  In  thirty 
minutes  the  animal  had  recovered  to  all  appearances,  and  it 
was  left  until  the  following  day. 

Upon  the  following  day  we  injected  4  drops  of  Ringer-solution 
a  few  millimeters  below  the  surface  of  the  cerebellum  upon  the 
right  side.  No  effect  was  observed  after  four  minutes.  We 
then  injected  from  2  to  4  drops  of  M/6  sodium  citrate  solution 
into  the  same  region.  The  animal  instantly  gave  a  forward 
rush,  made  two  complete  rotations  to  the  right  and  then  fell  upon 
its  right  side  in  a  condition  of  tetany  with  opisthotonus;  during 
this  period  the  respiratory  movements  stopped.  In  thirty  sec- 
onds the  typical  pawing  movements  accompanied  by  respirations 
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appeared,  but  they  were  much  weaker  than  they  were  upon  the 
previous  day.  A  sHght  tendency  was  observed  for  the  head  to 
rotate  to  the  right  about  a  horizontal  antero-posterior  axis. 
Reflexes  could  not  be  elicited. 

In  three  minutes  a  second  dose  of  4  drops  of  M/6  sodium 
citrate  solution  was  injected  a  few  millimeters  below  the  surface 
of  the  cerebellum  in  the  centre.  No  additional  effect  was  observed 
beyond  gasping  accompanied  by  sharp  opening  and  closure  of 
the  jaws  and  slight  salivation.  The  breathing  movements  be- 
came very  slow  and  labored  and  in  ten  minutes  ceased  suddenly. 
Rigor  mortis  set  in  in  the  hind  legs  almost  at  once  and  in  the 
fore-legs  within  a  few  minutes. 

From  these  experiments  it  is  evident  that  with  the  exceptions 
of  the  chewing  movements  (probably  attributable  to  cerebral 
excitation,  cf .  Maxwell  loc.  cit.)  and  of  the  quiverings  and  twitch- 
ings  of  the  skeletal  muscles,  which  are  probably  peripheral  in 
origin,  all  of  the  symptoms  which  are  described  in  part  3  as 
being  characteristic  of  acute  citrate-intoxication  in  rabbits,  pro- 
duced by  the  subcutaneous  administration  of  large  doses,  can 
be  elicited  by  the  direct  appUcation  of  minute  doses  of  sodium 
citrate  to  the  white  matter  of  the  cerebellum.  It  is  probable 
therefore  that  all  of  the  symptoms  of  acute  citrate-intoxication 
following  the  subcutaneous  administration  of  large  doses,  with 
the  exceptions  noted,  are  attributable  to  direct  cerebellar  excitation 
by  the  citrate.  We  may  also  conclude  that  of  the  various  parts  of 
the  central  nervous  system  the  cerebellum  is  the  one  which  is  most 
sensitive  to  the  excitant  action  of  deprivation  of  calcium. 

CONCLUSIONS 

1 .  As  a  result  of  administering  repeated  and  gradually  increas- 
ing doses  of  sodium  citrate,  rabbits  acquire  such  a  pronounced 
degree  of  tolerance  for  the  drug  that  a  dose  (15  cc.  M/1)  which 
normally  causes  extremely  severe  symptoms  of  intoxication,  or 
even  death,  causes  either  very  slight  symptoms  or  else  no  symp- 
toms of  intoxication  at  all. 
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2.  This  tolerance  is  to  be  regarded  as  consisting,  essentially, 
in  tolerance  to  deprivation  of  tissue-calcium. 

3.  Two  alternative  explanations  of  this  phenomenon  are  sug- 
gested, namely: 

(a)  The  sensitiveness  of  tissues  to  lack  of  calcium  is  partly 
a  phenomenon  of  ''Unterschiedsempfindlichkeit."  Just  as  an 
organism  can  accustom  itself  to  several  different  ''nitrogen  levels" 
and  maintain  nitrogen  equilibrium  at  different  periods  with  very 
different  nitrogen  outputs,  so  we  may  imagine  that  the  tissues 
affected  by  sodium  citrate  can  function  at  various  ''calcium 
levels"  provided  the  transition  from  a  higher  level  to  a  lower  is 
sufficiently  gradual. 

(b)  Tolerant  animals  are  able  to  draw  upon  reserves  of  cal- 
cium which  are  ordinarily  not  available. 

4  The  cortex  of  the  cerebellum,  in  rabbits,  is  not  affected 
by  the  direct  application  of  sodium  citrate  to  its  surface,  while 
the  application  of  sodium  citrate  to  the  underlying  white  matter 
elicits  a  profound  reaction. 

5.  With  exceptions  noted  in  the  text  the  symptoms  of  acute 
citrate-intoxication  in  rabbits,  following  the  subcutaneous  admin- 
istration of  large  doses,  are  attributable  to  direct  cerebellar 
excitation  by  the  citrate,  inasmuch  as  they  may  be  elicited  by 
the  direct  application  of  minute  doses  to  the  white  matter  of 
the  cerebellum. 

6.  Of  the  various  parts  of  the  central  nervous  system  the 
cerebellum  is  the  one  which  is  most  sensitive  to  the  excitant 
action  of  deprivation  of  calcium. 
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The  discovery  of  the  presence  of  choline  in  many  of  the  animal 
tissues  either  preformed  or  as  a  derivative  of  larger  complexes, 
and  the  possible  relationship  of  this  base  to  some  of  the  so-called 
"hormone"  effects  in  the  organism  has  lent  a  new  interest  to  the 
precise  determination  of  its  physiological  role.  The  contention 
that  absolutely  pure  choline  salts  fail  to  induce  the  cljaracteristic 
fall  in  blood  pressure  commonly  described  as  a  typical  effect  of 
the  injection  of  this  compound  was  supported  several  years  ago 
by  Popielski  and  his  pupil  Modrakowski.'^  They  believed  that 
pure  choline  causes  only  a  rise  of  pressure;  and  they  maintain  that 
those  investigators  who  report  a  fall  of  pressure  have  worked  with 
impure  or  deteriorated  preparations.  This  contradiction  of  the 
customary  teaching  regarding  the  physiological  action  of  choline 
naturally  eUcited  a  speedy  reinvestigation  of  the  question,  to 
which  we,  among  others,  contributed  a  preliminary  reply  in  1910.* 
One  might  assume  that  our  experience,  together  with  the  experi- 
mental studies  of  Abderhalden  and  Mtiller,'  Lohmann,*  Berlin,* 

*  Modrakowski:  Pfliiger's  Archiv  fur  die  gesammte  Physiologic,   1908,  cxxiv, 
p.  601. 

*  Mendel  and  Underbill :  Zentralblatt  fur  Physiologie,  1910,  xxiv,  p.  251  (June 
26). 

'  Abderhalden  and  Miiller :  Zeitschrif t  f iir  physiologische  Chemie,  1910,  Ixv. 
p.  420;  1911,  Ixxiv,  p.  253. 

*  Lohmann:  Zeitschrif t  fiir  Biologie,  1911,  Ivi,  p.  1. 
'  Berlin:  Zeitschrif t  fiir  Biolcgie,  1911,  Ivii,  p.  1. 
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Hunt  and  Taveau^ — to  mention  only  a  part  of  those  which  have 
arisen — had  adequately  controverted  the  newer  claims  and  re- 
stored confidence  in  the  earlier  view  point.  However,  the  con- 
tinued reiteration  of  Popielski's  allegations  in  recent  papers^ 
induces  us  to  present  a  few  further  details  of  our  trials.^  They 
were  carried  out  entirely  with  synthetic  preparations  made  by 
Dr.  Renshaw  at  Middletown  according  to  the  improved  method 
devised  by  him.^  Since  the  controversy  centers  largely  in  the 
purity  of  the  salts  used,  our  attention  has  been  devoted  primarily 
to  this  point.  "We  have  been  unable  to  confirm  Popielski  and 
Modrakowski's  claims  respecting  the  absence  of  depressor  effects 
when  the  purity  of  the  choline  products  is  sufficiently  assured. 

PREPARATIONS    OF   CHOLINE    USED METHODS 

Eight  different  preparations  of  choline  chloride  and  sulfate 
were  tested  in  numerous  trials.  The  animals  (usually  cats)  were 
maintained  in*  deep  ether  anaesthesia.  The  importance  of  this 
deserves  the  emphasis  which  Abderhalden  and  Mtiller  have  given 
to  it;  for  when  the  narcosis  is  not  adequate  it  is  easy  to  obtain 
transitory  rise  of  pressure  reflexly  by  even  slight  manipulation  of 
the  animal  prior  to  the  act  of  intravenous  injection.  Unless 
specifically  stated  otherwise,  the  choline  salts  were  dissolved  in 
0.9  per  cent  NaCl  solution  just  prior  to  the  injection  into  an 
exposed  vein.  Popielski  remarks :  ''Die  Schwierigkeit  der  physiol- 
ogischen  Untersuchung  des  Cholins  ist  auf  die  grosse  Schwierigkeit 
der  Gewinnung  von  chemisch  reinen  Praeparaten  zuriickzuftih- 

*  Hunt  and  Taveau:  Bull.  No.  73.  Hygienic  Laboratory,  U.  S.  Pub.  Health  and 
Mar.  Hosp.  Service,  Washington,  1911,  p.  12.  Details  of  the  literature  will  be 
found  in  this  paper  and  in  the  contributions  of  Abderhalden  and  Miiller,  so  that 
they  need  not  be  repeated  here.  Cf.  also  Gautrelet:  Journal  de  physiologie,  1909, 
xi,  p.  227;  V.  Ftirth:  Probleme  der  physiologischen  und  pathologischen  Chemie, 
1912,  p.  186,  ff. 

^  Cf .  Studinski :  Archiv  fiir  experimentelle  Pathologie  und  Pharmakologie, 
1911,  Ixv,  p.  155  (Popielski's  laboratory);  also  Samelson:  ibid.,  1912,  Ixvi,  p. 347. 

*  A  report  was  presented  to  the  American  Society  for  Pharmacology  and  Experi- 
mental Therapeutics  at  the  meeting  in  December,  1911.  Cf.  Journal  of  Experimen- 
tal Pharmacology  and  Therapeutics,  1912,  iii,  p.  457. 

^  Renshaw:  Journal  of  the  American  Chemical  Society,  1910,  xxxii,  p.  128;  Abder- 
halden's  Biochemisches  Handlexikon,  1911,  iv,  p.  829. 
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ren."^°  Accordingly  we  shall  describe  some  of  our  products  in 
sufficient  detail  to  permit  the  reader  to  form  a  more  critical  judg- 
ment as  to  their  probable  purity. 

Choline  chloride:  Preparations  1,  2  and  3 

Preparation  1  was  the  product  of  the  sixth  reprecipitation  of 
an  alcoholic  solution  of  our  synthesized  material  with  ether.  Not 
more  than  one-third  of  the  dissolved  product  originally  used  was 
removed  from  the  solution,  thus  creating  ideal  conditions  for  the 
exclusion  of  soluble  impurities.     An  analysis  gave: 

Cl found  25.45  per  cent.  25.49  per  cent;  calculated,  25.41  per  cent 

Preparation  2  was  obtained  after  five  additional  reprecipitation s 
of  1. 

Preparation  3,  our  purest  specimen,  was  the  product  of  the 
fifteenth  reprecipitation. 

The  second  of  three  partial  precipitations  on  both  the  first  and 
the  second  solutions  of  the  choline  chloride  was  taken  as  the  sample 
for  purification.  From  the  third  on  the  procedure  was  as  indi- 
cated. The  reason  was,  of  course,  to  eliminate  the  possibility 
of  any  amount  of  a  somewhat  more  insoluble  product  always  pre- 
cipitating with  the  chloride.  Had  such  a  substance  been  present 
even  in  fair  amcrunt  this  procedure  would  have  eliminated  all 
but  such  quantities  as  the  solvent  could  have  taken  care  of. 
Such  a  possibility  was  very  remote;  but  on  account  of  the  con- 
troversy it  seemed  worth  while  to  eliminate  every  point  that 
might  be  criticised.  None  of  these  preparations  had  any  odor 
of  trimethylamine,  nor  did  they  develop  it  rapidly  when  exposed 
to  sunlight.  This  is  important  in  relation  to  the  alleged  speedy 
deterioration  of  choline  salts  discussed  later.  In  view  of  the  differ- 
ences in  the  extent  of  purification  attempted  one  would  expect 
wide  variations  in  the  degree  of  purity  and  a  consequent  differ- 
ence in  physiological  action  dependent  upon  the  amount  of  con- 
taminating impurity;  i.e.,  preparation  3  ought  (according  to  the 

">  Popielski:  Zeitschrift  fiir  physiologische  Chemie,  1910,  Ixx,  p.  250. 
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explanation  of  depressor  effects  on  the  impurity  hypothesis)  to 
be  less  active  physiologically  than  1  or  2. 

These  preparations  were  delivered  in  sealed  tubes  and  injected 
the  same  day.  Twenty-one  months  later  the  experiments  with 
these  products  were  duplicated,  the  preparations  having  been  kept 
meanwhile  in  glass-stoppered  bottles  in  a  dark  desiccator.  There 
is  no  evidence  for  any  lack  of,  or  quantitative  differences  in,  the 
depressor  effects  of  measured  doses  of  choline  chloride  1,  2  or  3; 
nor  has  the  long  time  interval  noticeably  altered  the  behavior  of 
the  purest  product,  3,  despite  Modrakowski's  contentions  of  the 
extreme  instability  of  choline  salts. 

The  illustrative  blood  pressure  tracings  should  be  read  from 
left  to  right.  A  few  of  the  numerous  data  are  simimarized  in 
tabular  form  in  the  Appendix.  It  is  unnecessary  to  report  the 
observatioaft.  with  larger  doses,  since  they  were  not  essentially 
different  in  character.  Furthermore  the  fact  that  a  fall  was 
always  produced  even  with  the  very  small  doses  is  significant  of 
itself. 

Comparative  effects  of  choline  chloride  1  (recrystallized  six  times) 
and  3  (recrystallized  fifteen  times)  on  blood  pressure.  The  prep- 
arations were  not  more  than  twenty-four  hours  old 

Further  evidence  of  the  failure  of  this  pure  product  to  develop 
any  extreme  toxicity  on  standing  was  shown  by  experiments  made 
with  choline  chloride  3.  The  solution  was  prepared  one  month 
after  the  preparation  of  the  salt  and  then  allowed  to  stand  thirty- 
two  days  in  the  laboratory  before  being  tested.  Surely  here  was 
abundant  opportunity  for  the  development  of  the  extreme  de- 
pressor effects  assumed  to  be  characteristic  of  old  preparations 
and  depicted  in  the  curves  of  other  investigators  for  "crude" 
choline.  The  tracing  shows  merely  the  typical  transitory  fall 
regularly  found  when  the  same  product  was  used  immediately 
after  its  delivery. 
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Choline  chloride  3 — old  solution 

This  curve  may  also  be  compared  with  that  obtained  in  1910 
with  the  fresh  preparation.  (Cf.  Zentralblatt  fiir  Physiologic, 
1910,  xxiv,  p.  252.) 


Cat.    2.8  kgm.    Injection  of  2.4  mgm.     (0.8  cc.) 
The  solution  stood  one  month  in  the  laboratory  before  being  used. 

Similar  depressor  results  were  obtained  on  dogs  with  the  fresh 
purest  choline  chloride  3,  even  with  doses  of  0.1  mgm.  per  kilo- 
gram.    The  salt  was  used  within  thirty  hours  after  it  was  made. 
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Choline  sulfate 

A  pure  preparation  of  this  salt^^  was  likewise  examined.  The 
depressor  action  was  never  missed  even  in  small  doses.  It  was 
not  found  increased  when  the  same  preparation,  carefully  pre- 
served, was  tested  three  months  later;  i.e.,  there  was  no  evi- 
dence of  a  production  of  the  hypothetical  depressor  derivative  on 
standing. 

Since  Modrakowski  has  especially  emphasized  the  method  of 
Gulewitsch^^  ^s  essential  to  obtain  pure  choline  we  have  also 
followed  this  plan  of  purification. 

A  solution  of  choline  chloride  was  evaporated  until  no  amine 
odor  was  detectable.  It  was  converted  into  the  platinic  salt, 
recrystallized  five  times,  decomposed  with  hydrogen  sulfide,  and 
finally  obtained  as  a  pure  crystalline  chloride  =  choline  chloride  4- 

This  salt,  injected  within  a  day  after  its  preparation  gave  the 
usual  characteristic  fall  of  pressure,  as  reported  likewise  by  Abder- 
halden  and  Miiller  and  by  Lohmann  for  products  similarly  purified. 

Inasmuch  as  the  hypothetical  ''impurities"  which  are  alleged 
to  account  for  the  fall  in  pressiu-e  are  assumed  to  be  eliminated  by 
this  process  of  purification  we  searched  for  them  in  the  wash 
solutions  or  mother  liquors  of  choline  chloride  4.  They  were 
precipitated  with,  ether.  The  new  product,  choline  chloride  5 
in  which  the  decomposition  product  might  be  concentrated, 
might  be  expected  to  show  the  depressor  effects  in  marked  degree. 
This  was,  however,  not  the  case.  The  result  was  merely  the  typi- 
cal transitory  fall  of  arterial  pressure  characteristic  of  similar 
doses  of  the  purest  choline  salts. 

It  occurred  to  us  that  possibly  the  manipulations  to  which 
Modrakowski  subjected  his  solutions — the  evaporations  to  remove 
the  amine  odor,  the  treatment  with  hydrogen  sulfide,  a  possible 
failure  to  remove  the  last  traces  of  platinic  sulfide  which  separate 
with  difficulty — might  have  developed  some  antagonistic  sub- 
stance and  thus  ''masked"  the  typical  depressor  effect  despite  the 

"  Cf.  Renshaw:  Journal  of  the  American  Chemical  Society,  1910,  xxxii,  p.  129. 

"Gulewitsch:  Zeitschrift  fur  physiologische  Chemie,  1898,  xxiv,  p.  513;  Cf. 

Modrakowski:  Pfluger's  Archiv  fur  die  gesammte  Physilogie,  1908,  cxxiv,  p.  619. 
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chemical  purification  of  the  choline  salts.  Solutions  of  our  prep- 
arations were  accordingly  evaporated  and  treated  with  hydrogen 
sulfide  alone  without  altering  the  physiological  effects  obtained. 
One  solution  was  evaporated  to  remove  the  amine  odor  com- 
pletely, recrystallized,  redissolved  in  alcohol,  and  reprecipitated 
with  ether  five  times.  A  blood  pressure  tracing  of  this  choline 
chloride  6  made  within  twenty-four  hours  is  reproduced  here. 


Cat.    2.8  kgm.     Injection  of  0.5  mgm.     (0.5  cc.) 


Choline  chloride  6 — repeatedly  purified 

That  traces  of  platinic  salts  do  not  alter  the  results  and  thus 
account  for  the  alleged  rise  of  pressure  was  plainly  shown  by 
numerous  trials  with  varying  proportions  of  the  heavy  metal 
added. 
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OTHER   FACTORS 

Modrakowski  has  maintained  (p.  620)  that  the  characteristic 
blood  pressure  effect  of  pure  chohne  is  preciselj^  comparable  with 
that  obtained  from  ''impure"  preparations  after  atropine  is 
administered.  We  have  found  that  atropine  always  abolishes  the 
depressor  effects  of  choline  salts;  but  according  to  our  experience 
a  rise  in  pressure  under  these  conditions  is  only  obtained  when 
the  doses  of  chohne  salts  administered  are  relatively  large.  This 
is  shown  in  the  appended  tracings. 

Choline  sulfate  following  atropine 

Section  of  the  vagi  does  not  alter  the  effect  of  pure  choline  salts. 

It  is  only  fair  to  point  out  that  our  preparations  do  not  exhibit 
any  of  the  extreme  depressor  effects,  with  attendant  symptoms, 
which  have  sometimes  been  described  by  those  who  have  used 
crude  commercial  products.  Modrakowski  has  pointed  out,  for 
example,  that  the  latter  in  doses  of  1  to  3  mgm.  per  kilogram  lead 
to  prolonged  inhibition  of  the  heart  beat  and  that  repeated  injec- 
tions may  impair  the  peripheral  endings  of  the  vagi  and  be  followed 
by  rise  in  pressure.  "Bei  rasch  hintereinander  erfolgenden  In- 
jektionen  vermag  die  blutdrucksteigernde  Cholinwirkung  doch 
durchzudringen"  (p.  620).  We  have  never  obtained  more  than  a 
transitory  fall  of  pressure  even  with  larger  doses  of  our  choline 
preparations  than  are  reported  in  this  paper.  On  the  other  hand 
a  rise  of  pressure  was  never  observed  (except  after  the  use  of 
atropine)  even  when  many  repeated  injections  were  undertaken: 

The  deterioration  of  choline  salts  on  standing 

Our  experience  throws  some  light  upon  this  question  which  is 
obviously  of  moment  in  the  controversy  at  hand.  In  pointing  out 
the  extraordinary  instability  of  even  pure  salts  of  choline  Modra- 
kowski wrote  (p.  622):  ''Das  Kahlbaum'sche  Praparat  war,  wie 
bereits  erwahnt,  bei  seinem  Eintreffen  vollkommen  frei  von  Tri- 
methylamingeruch.  Gelegenthgh  einer  kurzen  Unterhaltung  im 
Laboratorium  hielt  ich  dasselbe  einige  Augenblicke  in  der  Sonne ; 
da  erregte  der  Umstehenden  und  meine  Aufmerksamkeit  ein 
deutlicher  Trimethylamingeruch,  welcher  der  halboffenen  Flasche, 
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die  die  Cholinchloridkrystalle  enthielt,  entstromte.  Es  zeigte 
sich  also,  dass  unter  geeigneten  Bedingungen  die  Zersetzung 
dieses  Praparates  fast  momentan  erfolgen  kann.  Die  Moglich- 
keit  erschien  daher  ausserst  wahrscheinlich  dass  ktirzere  oder  lan- 
gere  Aufbewahrung  die  Wirkung  des  Cholins  verandern  konnte." 
Lohmann,  on  the  other  hand,  insists  that  choline  chloride  does 
not  decompose  even  when  exposed  to  the  direct  sunlight  for 
months.^'  This  is  in  accord  with  experience  of  Dr.  Renshaw  in 
similar  trials.  Abderhalden  and  Miiller  are  uncertain  as  to 
whether  Kahlbaum's  preparations  are  contaminated  or  undergo 
secondary  decomposition.  Their  own  synthetic  chloride  gave 
no  odor  of  trimethylamine  after  being  preserved  sealed  in  the 
dark  for  six  months.  "Wir  mochten  uns  aus  diesen  Griinden 
vorlaufig  nicht  dariiber  aussern,  ob  ganz  reines  Cholinchlorhydrat, 
unter  geeigneten  Bedingungen  (verschlossen,  unbelichtet),  auf- 
bewahrt,  unbegrenzt  haltbar  ist."^^  We  have  failed  to  note  a 
development  of  odor  after  two  years  in  preparations  thus  pre- 
served! In  any  event  no  deterioration  is  detectable,  as  already 
pointed  out,  from  the  standpoint  of  quantitative  alterations  in 
blood  pressure  effects  which,  after  all,  Modrakowski  used  as  his 
chief  criterion. 

CONCLUSIONS 

The  experiments  recorded  above,  along  with  numerous  further 
records,  afford  added  evidence  that  the  views  promulgated  by 
Popielski  and  his  pupils  about  the  physiological  behavior  of  salts 
of  chohne  are  not  tenable.  Even  with  exceptionally  pure  syn- 
thetic salts  we  have  never  failed  to  observe  the  characteristic 
transitory  fall  of  arterial  pressure — a  fall  not  profound  or  pro- 
longed, but  never  absent  even  when  fractions  of  a  milligram  of 
purest  products  are  injected.  The  ''contamination"  theory  is 
rendered  improbable  by  the  fact  that  choline  salts  showed  no 
quantitative  differences  in  the  physiological  effect  when  different 
specimens  of  presumably  unequal  purity  were  investigated.  Fur- 
thermore, it  seems  extremely  doubtful  if  properly  prepared  and 
preserved  choline  salts  readily  decompose. 

"  Lohmann:  Zeitschrift  fiir  Biologic,  1911,  Ivi,  p.  16. 

'^  Abderhalden  and  Muller:  Zeitschrift  fur  physiologische  Chemie,  1911,  lx.\iv, 
p.  264. 
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APPENDIX 


Selected  protocols  of  blood  pressure  experiments  with  salts  of  choline  {only  trials  with 
small  dosage  are  reported  here) 


FALL  OF 

DOSE  PER 

PRESSURE 

PREPARATION  USED 

KILOGRAM 

AFTER  THE 

REMARKS 

INJECTION 

mgm. 

mm.  Hg. 

■    0.1 

4 

This  salt  was  recrystallized  six  times. 

Choline  chloride  1 

•      0.3 

26 

See  tracing  I 

0.5 

36 

0.1 

5 

This  salt  was  recrystallized  fifteen 

0.3 

22 

times.     See  tracing  I 

0.5 

30 

1.0 

24 

See  tracing  in  Zentbl.  Physiol.,  1910, 
xxiv,   252. 

Choline  chloride  3 

0.23 
0.45 

26 
36 

After  being  preserved  twenty-one 
months  without  deterioration 

1 

i 
1 

0.9 

26 

The  solution  stood  one  month  in  the 
laboratory  before  being  used.  See 
tracing  II 

0.1 

6 

Dog 

* 

0.2 

28 

Dog 

Choline  chloride  4 

0.05 

15 

Purified  by  method  of  Gulewitsch 

Choline  chloride  5 

1 

1 

0.35 

16 

Fraction  which  ought  to  contain  the 
hypothetical  depressor  product  in 
marked  concentration 

Choline  chloride  6 

0.18 

24 

Repeatedly  purified .   See  tracing  III 

1 

3.0 

30 

'     0.05 

11 

Choline  sulfate 

■      0.1 

17 

• 

0.5 

32 

'■ 
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